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EXECUTIVE SUMMARY 

Environmental monitoring of the U.S. Department of Energy's 

(DOE) Middlesex Sampling. Plant (MSP) and surrounding area began i n 

1980. MSP i s p a r t of the Formerly U t i l i z e d S i t e s Remedial A c t i o n 

Program (FUSRAP), a DOE program t o decontaminate or otherwise 

c o n t r o l s i t e s where r e s i d u a l r a d i o a c t i v e m a t e r i a l s remain from the 

ea r l y years of the nation's atomic energy program.or from 

commercial operations causing c o n d i t i o n s t h a t Congress has 

authorized DOE t o remedy. 

I t i s DOE p o l i c y t o conduct i t s operations i n an 

environmentally responsible manner t h a t provides p r o t e c t i o n of 

human h e a l t h and the environment. To t h a t end, DOE i s committed t o 

i n c o r p o r a t i n g n a t i o n a l environmental p r o t e c t i o n and r e s t o r a t i o n 

programs, minimizing r i s k s t o the p u b l i c and the environment, and 

addressing p o t e n t i a l environmental hazards before they pose a 

t h r e a t t o p u b l i c welfare or environmental q u a l i t y . 

Environmental monitoring programs have been e s t a b l i s h e d a t 

DOE-managed s i t e s t o confirm adherence t o DOE environmental 

p r o t e c t i o n p o l i c i e s ; t o determine the e f f e c t s of s i t e operations on 

human h e a l t h and the environment; and t o ensure compliance w i t h 

l e g a l and r e g u l a t o r y requirements imposed by f e d e r a l , s t a t e , and. 

l o c a l agencies. Environmental monitoring programs are developed 

and implemented on a s i t e - s p e c i f i c basis t o accommodate f a c i l i t y 

c h a r a c t e r i s t i c s , a p p l i c a b l e r e g u l a t i o n s , hazard p o t e n t i a l , 

q u a n t i t i e s and concentrations of m a t e r i a l s released, extent and use 

of a f f e c t e d land and water, and l o c a l p u b l i c i n t e r e s t or concern. • 

The environmental monitoring program a t MSP includes sampling 

networks f o r radon concentrations i n a i r ; e x t e r n a l gamma r a d i a t i o n 

'exposure; and radium-226, thorium-232, and t o t a l uranium 

concentrations i n surface water, sediment, and groundwater. 

A d d i t i o n a l l y , several n o n r a d i o l o g i c a l parameters were measured i n 

groundwater, surface water, and sediment. 

Mon i t o r i n g r e s u l t s are compared w i t h a p p l i c a b l e Environmental 

P r o t e c t i o n Agency (EPA) standards; f e d e r a l , s t a t e , and l o c a l 

a p p l i c a b l e or rel e v a n t and appropriate requirements (ARARs); and/or 
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DOE derived concentration g u i d e l i n e s (DCGs). Environmental 

standards, ARARs, and DCGs are e s t a b l i s h e d t o p r o t e c t p u b l i c h e a l t h 

and the environment. 

Results from the 1990 environmental m o n i t o r i n g program show 

t h a t the concentrations of contaminants o f concern were a l l below 

a p p l i c a b l e standards, ARARs,' and DCGs. These r e s u l t s are discussed 

i n Sections 4.0 and 5.0; a b r i e f summary i s provided below. 

Because the s i t e i s used only f o r i n t e r i m storage and no processing 

e f f l u e n t s are produced, a l l parameters, except f o r radon and d i r e c t 

gamma, are monitored on a p e r i o d i c b a s i s . 

During 1990, average radon concentrations ( i n c l u d i n g 

background) f o r each monitoring s t a t i o n a t the boundary ranged from 

0.4 t o 1 pCi/L (0.02 t o 0.04 Bq/L), w e l l below the DOE g u i d e l i n e of 

3.0 pCi/L (0.1 Bq/L). A d d i t i o n a l l y , radon f l u x measurements were 

c o l l e c t e d t o demonstrate t h a t the s i t e was i n compliance w i t h the 

M m i t of 20 pCi/m2/s (0.74 Bq/m2/s) set f o r t h i n 40 Code of Federal 

Regulations (CFR) Part 61, Subpart Q; the average radon f l u x r a t e 

f o r each p i l e was 0.09 pCi/m2/s (3E-3 Bq/m2/s). (Note: lE-n i s 

equal t o 1 x 10"n. ) The average e x t e r n a l gamma exposure r a t e a t 

the s i t e boundary was 55 mR/yr (excluding background), and the 

average o n s i t e was 76 mR/yr (excluding background). The annual 

average background l e v e l f o r e x t e r n a l gamma r a d i a t i o n was 64 mR/yr. 

Annual average concentrations of radium-22 6 and t o t a l uranium i n 

surface water ranged from 0.3E-9 t o 2.8E-9 and 3E-9 t o 60E-9 MCi/ml 

(0.01 t o 0.1 and 0.1 t o 2.2 Bq/L), r e s p e c t i v e l y , w e l l below the 

DCGs f o r water of 100E-9 and 600E-9 i i C i / m l (3.7 and 22 Bq/L). A l l 

thorium-232 annual averages were 0.1E-9 ^Ci/ml (4E-3 Bq/L); the DCG 

f o r water i s 50E-9 /iCi/ml (1.9 Bq/L). Annual average 

concentrations i n sediment ranged from 0.7 t o 6.0, 0.5 t o 1.0, and 

0.7 t o 11 pCi/g (0.03 t o 0.2, 0.02 t o 0.04, and 0.03 t o 0.41 Bq/g) 

f o r radium-226, thorium-232, and t o t a l uranium, r e s p e c t i v e l y . 

C u r r ently, there are no g u i d e l i n e s i n e f f e c t f o r r a d i o n u c l i d e 

concentrations i n sediment; however, the radium-226 and thorium-232 

concentrations i n sediment were below the FUSRAP g u i d e l i n e of 

5 pCi/g (0.19 Bq/g) i n the top 15 cm (6 i n . ) of s o i l f o r these 

radionuclides i n Main Stream. Elevated l e v e l s ' o f radium-226 and 
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uranium-238 at the plant o u t f a l l and drainage ditch leading to Main 

Stream are being investigated. There are no guidelines for uranium 

in s o i l i n the Middlesex area; however, except for third-quarter 

readings, uranium concentrations were near background l e v e l s . 

Annual average concentrations of radium-226, thorium-232, and t o t a l 

uranium in groundwater ranged from 0.3E-9 to 2.4E-9, 0.1E-9 to 

1E-9, and 3E-9 to 123E-9 /iCi/ml (0.01 to 0.09, 4E-3 to 0.04, and 

0.1 to 4.6 Bq/L), respectively. A l l measured values were below the 

DOE DCGs for water. 

To determine basic surface water q u a l i t y , surface water 

sampling f o r s p e c i f i c conductance, pH, t o t a l organic carbon (TOC), 

t o t a l organic h a l i d e s (TOX), and metals was i n i t i a t e d d u r i n g the ' 

t h i r d q u a r t e r ; t h i r d - q u a r t e r samples were also analyzed f o r 

v o l a t i l e and s e m i v o l a t i l e organic compounds. The averages f o r the 

t h i r d and f o u r t h quarters ranged from 8 0 t o 24 0 Mmhos/cm f o r 

s p e c i f i c conductance, 6.9 t o 7.4 f o r pH, 3.0 t o 26 mg/L f o r TOC, 

and 2 7 t o 7 0 Mg/L f o r TOX. The only metals detected w i t h 

r e g u l a r i t y were boron, calcium, magnesium, manganese, sodium, and 

zinc. Organic sampling showed very l i t t l e contamination of surface 

water w i t h v o l a t i l e compounds and no contamination w i t h 

s e m i v o l a t i l e compounds. Sediment samples were analyzed f o r metals 

during f o u r t h - q u a r t e r sampling; aluminum, calcium, copper, i r o n , 

magnesium, manganese, n i c k e l , and zinc were detected i n every 

sampling l o c a t i o n . Concentrations of metals i n downstream 

l o c a t i o n s d i d not d i f f e r s i g n i f i c a n t l y from those upstream. 

Chemical analyses were not performed t o meet any r e g u l a t o r y 

requirements; t h e r e f o r e , there are no comparative standards f o r 

these parameters. 

Qu a r t e r l y groundwater samples were also analyzed f o r s p e c i f i c 

conductance, pH, TOC, and TOX. Samples c o l l e c t e d d u r i n g the t h i r d 

and f o u r t h quarters were analyzed f o r metals, and t h i r d - q u a r t e r 

samples were also analyzed f o r v o l a t i l e and s e m i v o l a t i l e organic 

compounds; these parameters were monitored t o determine basic 

groundwater q u a l i t y . Annual average s p e c i f i c conductance ranged 

from 131 t o 580 /imhos/cm, and annual average pH ranged from 5.9 t o 

7.8. Annual average TOC concentrations ranged from 1.3 t o 

v 



629 mg/L, and annual average TOX co n c e n t r a t i o n s ranged from 2 0 t o 

47 Mg/L. The only metals detected w i t h r e g u l a r i t y were boron, 

calcium, i r o n , magnesium, manganese, sodium, and z i n c . Generally, 

r e s u l t s f o r a l l parameters i n upgradient and downgradient w e l l s 

were s i m i l a r . Organic sampling showed ve r y l i t t l e contamination ol 

groundwater w i t h v o l a t i l e or s e m i v o l a t i l e compounds. Carbon 

d i s u l f i d e and t r i c h l o r o e t h a n e were the only compounds found i n 

above d e t e c t i o n l i m i t s . Because chemical analyses were not 

performed t o meet any r e g u l a t o r y requirements, t h e r e are no 

comparative standards f o r these parameters. 

To v e r i f y t h a t MSP i s i n compliance w i t h the DOE p u b l i c dose 

l i m i t of 100 mrem/yr ( l m S v / y r ) above background through a l l 

exposure modes from a l l DOE-controlled sources of r a d i a t i o n , the 

p o t e n t i a l r a d i a t i o n dose was c a l c u l a t e d f o r a h y p o t h e t i c a l 

maximally exposed i n d i v i d u a l and the p o p u l a t i o n w i t h i n 80 km 

(50 mi) of the s i t e . Based on a conservative scenario, t h i s 

h y p o t h e t i c a l i n d i v i d u a l would rec e i v e an exposure exc l u d i n g 

background of approximately .2.6 mrem/yr (0.026 mSv/yr), w e l l below 

the DCG of 100 mrem/yr. Met e o r o l o g i c a l data t o support dose 

c a l c u l a t i o n s and determine compliance w i t h 40 CFR Part 61, 

Subpart H, were obtained from the N a t i o n a l Oceanic and Atmospheric 

A d m i n i s t r a t i o n . 

To v e r i f y t h a t MSP was i n compliance w i t h Subpart H, the EPA 

AIRDOS model was used t o c a l c u l a t e the dose t o a h y p o t h e t i c a l 

maximally exposed i n d i v i d u a l r e s u l t i n g from a i r b o r n e r a d i o n u c l i d e s 

t r a n s p o r t e d from the s i t e . The c a l c u l a t e d dose was 0.0034 mrem/yr 

(3.4E-5 mSv/yr), which i s w e l l below the 10 mrem/yr l i m i t given i n 

Subpart H. The population w i t h i n an 80-km (50-mi) radius of MSP 

would receive a population dose of 0.28 person-rem/yr 

(0.0028 person-Sv/yr) from m a t e r i a l s on the s i t e . This c o l l e c t i v e 

p o p ulation dose i s extremely small compared w i t h the c o l l e c t i v e 

p o p u l a t i o n dose from n a t u r a l background r a d i a t i o n of 

9.6E+5 person-rem/yr (9.6E+3 person-Sv/yr) f o r the p o p u l a t i o n 

w i t h i n 80 km (50 mi) of the s i t e . 

During 1990, s i t e a c t i v i t i e s were l i m i t e d t o environmental 

monitoring, a s p e c i a l study on stream sediments i n the MSP 
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v i c i n i t y , and s i t e maintenance. There were no nonroutine releases 

from the s i t e ; MSP was i n compliance with a l l applicable 

regulations f o r releases from the s i t e , as has been the case since 

i t was included i n FUSRAP i n 1980. 
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UNITS OF MEASURE 

Bq becquerel 

C Celsius 

Ci c u r i e 

cm centimeter 

F Fahrenheit 

f t f o o t 

f t msl f e e t above mean sea l e v e l 

g gram 

h hour 

ha hectare 

i n . inch 

km k i l o m e t e r 

L l i t e r 

m meter 
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mi mi l e 
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mR m i l l i r o e n t g e n 
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mSv m i l l i s i e v e r t 

pCi p i c o c u r i e 
r em roentgen e q u i v a l e n t man 
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Sv s i e v e r t 
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1.0 INTRODUCTION 

Environmental monitoring of the U.S. Department of Energy's 

(DOE) Middlesex Sampling Plant (MSP) and surrounding area began i n 

1980. This document describes the environmental m o n i t o r i n g 

program, the program's implementation, and the mo n i t o r i n g r e s u l t s 

f o r 1990. 

1.1 DOE INVOLVEMENT 

MSP i s p a r t of the Formerly U t i l i z e d S i t e s Remedial A c t i o n 

Program (FUSRAP), a DOE program t o decontaminate or otherwise 

c o n t r o l s i t e s where r e s i d u a l r a d i o a c t i v e m a t e r i a l s remain from the 

ea r l y years of the nation's atomic energy program or from 

commercial operations causing c o n d i t i o n s t h a t Congress has 

authorized DOE t o remedy. 

1.2 SITE HISTORY 

The MSP f a c i l i t y was e s t a b l i s h e d i n 1943 by the Manhattan 

Engineer D i s t r i c t (MED) t o sample, s t o r e , and/or ship uranium, 

thorium, and b e r y l l i u m ores. I n 1955, the Atomic Energy Commission 

(AEC), successor t o MED, terminated the o p e r a t i o n and l a t e r used 

the s i t e f o r storage and l i m i t e d sampling of thorium residues. I n 

1967, AEC a c t i v i t i e s ceased, o n s i t e s t r u c t u r e s were decontaminated, 

and the s i t e was c e r t i f i e d f o r u n r e s t r i c t e d use under c r i t e r i a 

a p p l i c a b l e a t t h a t time. 

Between 1968 and 1980, the s i t e changed hands, f i r s t t o the 

General Services A d m i n i s t r a t i o n , and then t o the Department of the 

Navy f o r use as. a U.S. Marine Corps reserve t r a i n i n g center. I n 

1980, custody o f MSP was returned t o DOE, which then i n i t i a t e d 

remedial a c t i o n t o clean up v i c i n i t y p r o p e r t i e s . The Middlesex 

Municipal L a n d f i l l (MML), a v i c i n i t y p r o p e r t y e s t a b l i s h e d i n the 

mid-1940s, began t o receive s o i l contaminated w i t h pitchblende 

(high-grade uranium ore) i n 1948, which r e s u l t e d i n contaminated 

s o i l being placed over e x i s t i n g f i l l a t MML. By 1974, s o l i d waste 
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disposal ceased at MML. Early r a d i o l o g i c a l surveys indicated that 

0.2 ha (0.5 acre) of MML required remediation; i n 1984, 

approximately 12,000 m3 (16,000 yd 3) of contaminated s o i l was 

returned to MSP f o r interim storage. Later investigations showed 

the contaminated area to be 1.2 ha (3.0 acres). By 1986, 

remediation at MML was essentially complete; 23,900 m3t(31,200 yd3) 

of contaminated s o i l was returned t o MSP f o r inter i m storage. In 

1987, MML was turned over to the Borough of Middlesex. 

1.3 SITE DESCRIPTION 

MSP occupies approximately 3.9 ha (9.6 acres) i n north-central 

New Jersey w i t h i n the Borough of Middlesex (Middlesex County) 

(Figure 1-1). The MSP property includes four buildings and two 

storage p i l e s that t o t a l 50,748 m3 (66,372 yd 3) of waste 

(Figure 1-2). More than 70 percent of the MSP s i t e i s paved with 

asphalt. The s i t e , currently being used f o r inter i m storage of 

radioactively contaminated s o i l , i s e n t i r e l y fenced and public 

access i s r e s t r i c t e d . Figure 1-3 i s an a e r i a l photograph of the 

s i t e . 

1.4 LAND USE 

As shown i n Figure 1-4, land use i n the v i c i n i t y of MSP i s 

predominantly i n d u s t r i a l / r e s i d e n t i a l with some forest and meadow 

land. The property is bordered by the Lehigh Valley Railroad to 

the north, vacant land to the south, residential/commercial 

property to the east, and a salvage yard to the west. 

The p r i n c i p a l sources of potable water i n the MSP area are 

wells and surface water from the Raritan River. Numerous private 

wells are located within 1.6 km (1 mi) of MSP, a public well f i e l d 

(Sebrings M i l l ) i s about 2 km (1.25 mi) northwest, and a surface 

water intake i s about 5 km (3 mi) downstream of the s i t e . 

Approximately 100 percent of the Borough of Middlesex use these 

sources. 
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Figure 1 -1 Location of MSP 
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Figure 1 -2 Map of the MSP Site 
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Figure 1 -3 Aerial View of MSP 
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Figure 1-4 Generalized Land Use in the Vicinity of MSP 
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Surface water around the storage piles i s conveyed via an 

underground drainage system to a settling basin and then to the 

easement ditch south of the s i t e . From there i t discharges into a 

small brook known as Main Stream. 

The nearest r e s i d e n t i a l areas are adjacent t o the east side of 

the s i t e ; the residences are p r i m a r i l y mixed single- and 

multiple-family dwellings. The t o t a l population of the area l y i n g 

w i t h i n an 80-km (50-mi) radius of MSP i s approximately 15 m i l l i o n 

(the population density i s approximately 10,000 people per square 

mile). 

I . 5 CLIMATE 

Table l - l i s a summary of cli m a t o l o g i c a l data from the National 

Oceanic and Atmospheric Administration f o r the Newark v i c i n i t y for 

1990. Temperature extremes ranged from -13 to 37°C (8.0 to 98°F). 

Average wind speeds ranged from 12.6 to 18.2 km/h (7.8 to 

I I . 4 mph), and the predominant wind d i r e c t i o n was from the west. 
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TABLE 1-1 

SUMMARY OF CLIMATOLOGICAL DATA FOR 

THE NEWARK VICINITY, 1990 

Total Wind 

Month 
Temberature f °F) Precip Avg Speed Resultant 

Month Mm Max Avg (in.) (mph) Direction 

January 22 66 40.4 4 . 72 9.6 w 

February 8 66 39.8 1.71 11.1 w 
March 13 86 .44.9 2.81 9 . 9 w 

A p r i l 32 94 53.3 3 . 98 9.9 sw 
May 43 83 • 51.0 6.87 9 . 8 w 

June 51 92 73.4 3 . 68 9 .1 sw 
J u l y 58 98 77 . 8 4 .98 8 . 8 w 

August 58 93 76.6 7.71 8 . 3 NW 

September 44 91 68. 6 2 .72 7.8 w 

October 35 88 62.4 5.11 9 . 6 sw 

November 29 79 50.0 2.82 11.4 w 

December 21 67 42 . 3 5 . 19 10 . 5 w 

Source: BNI 1991. 



2.0 SUMMARY OF ENVIRONMENTAL COMPLIANCE 

Throughout i t s h i s t o r y , MSP has been su b j e c t t o e v o l v i n g 

f e d e r a l and s t a t e environmental r e g u l a t i o n s . The primary-

r e g u l a t o r y g u i d e l i n e s and l i m i t s are given i n the DOE orders and 

authorized under s i x f e d e r a l acts [ t h e Clean A i r Act (CAA); the 

Clean Water Act (CWA); the Resource Conservation and Recovery Act 

(RCRA); the Toxic Substances Control Act (TSCA); the Comprehensive 

Environmental Response, Compensation, and L i a b i l i t y Act (CERCLA); 

and the N a t i o n a l Environmental P o l i c y Act (NEPA)]. The f o l l o w i n g 

summaries describe compliance requirements as they e x i s t e d i n 1990, 

as w e l l as a n t i c i p a t e d r e g u l a t o r y requirements, t h a t may a f f e c t the 

s i t e . 

2.1 PRIMARY REGULATORY GUIDELINES 

DOE Orders for Radionuclide Releases 

S i t e releases must comply w i t h s p e c i f i c DOE orders [5400 s e r i e s 

and DOE Order 5820.2A, "Radioactive Waste Management" (DOE 1988)] 

t h a t e s t a b l i s h q u a n t i t a t i v e l i m i t s , d e r i v e d c o n c e n t r a t i o n 

g u i d e l i n e s (DCGs), and dose l i m i t s f o r - r a d i o l o g i c a l releases from 

DOE f a c i l i t i e s . The a p p l i c a b l e g u i d e l i n e s and dose l i m i t s are 

presented i n Appendix C. For Environmental P r o t e c t i o n Agency (EPA) 

p e r m i t t i n g purposes, DOE orders are t r e a t e d as l e g a l requirements, 

and remedial a c t i o n a c t i v i t i e s conducted by DOE a t i t s f a c i l i t i e s 

are considered " f e d e r a l l y p e r m i t t e d a c t i o n s " [54 Federal Register 

(FR) 22524]. 

A review of environmental monitoring r e s u l t s f o r calendar year 

1990 shows t h a t MSP was i n compliance w i t h a l l a p p l i c a b l e 

r a d i o n u c l i d e release standards i n DOE orders. D e t a i l e d monitoring 

r e s u l t s f o r r a d i o n u c l i d e s are presented i n Section 4.0. 



Clean A i r Act and National Emission standards 
for Hazardous A i r Pollutants 

The primary f e d e r a l s t a t u t e governing a i r emissions i s the CAA 

[42 United States Code (USC) 74,01 e t seq. ] , as amended. Federal 

r e g u l a t i o n s governing a i r emissions are contained i n 4 0 Code of 

Federal Regulations (CFR) Parts 50 through 87. New Jersey i s a 

delegated s t a t e f o r implementation of N a t i o n a l Emission Standards 

f o r Hazardous A i r P o l l u t a n t s (NESHAPs), per 4 0 CFR Section 

61.04(AA); s t a t e requirements are c o d i f i e d i n New Jersey A i r 

P o l l u t i o n C o n t r o l Laws, T i t l e 26, New Jersey Revised Statutes 

(NJRS), Chapter 2C, A i r P o l l u t i o n C o n t r o l . However, New Jersey i s 

not yet authorized t o implement Subpart Q i n l i e u of EPA Region I I . 

The only p o t e n t i a l sources of a i r emissions from MSP are 

ra d i o n u c l i d e emissions from the waste p i l e s . MSP does not have or 

re q u i r e any s t a t e or f e d e r a l a i r permits. Because i t i s a 

nonoperating f a c i l i t y , Subpart Q of NESHAPs i s a p p l i c a b l e 

(DOE 1990a). I f the waste storage areas are,modified i n 1991, 

Subpart A w i l l be a p p l i c a b l e . A s t r a t e g y f o r determining 

compliance w i t h the radon f l u x standard i n Subpart Q was approved 

by EPA i n J u l y 1990, and compliance w i t h the EPA-approved s t r a t e g y 

was a t t a i n e d and maintained i n 1990. 

Radionuclide emissions have been modeled using the EPA-approved 

computer model AIRDOS, and the e f f e c t i v e dose t o members of the 

p u b l i c has been c a l c u l a t e d . NESHAPs Subpart M contains the 

National Asbestos Emission Standards. Asbestos i s present i n pipes 

i n the process b u i l d i n g , and when the asbestos- i s removed, 

implementation of standards i n Subpart M w i l l be r e q u i r e d . 

Because EPA Region I I has determined t h a t the requirements 

imposed by the r a d i o n u c l i d e NESHAPs are a p p l i c a b l e d u r i n g remedial 

actions-, procedures f o r complying w i t h Subpart Q w i l l continue t o 

be implemented when remedial a c t i o n a c t i v i t i e s begin. 

Clean Water Act 

i 

Waters discharged t o navigable waters of the United States are 

regulated under the f e d e r a l CWA, as"amended (33 USC 1251 et seq.) 
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and i t s associated EPA regulations (40 CFR Parts 122, 136, 403, and 

405 through 471). New Jersey requirements are codified i n 

New Jersey Water Pollution Control Laws, T i t l e 58, New Jersey 

Statutes Annotated (NJSA), Chapters 6A and 10. 

A formal application for a stormwater discharge permit for a 

point-source discharge was submitted to the New Jersey Department 

of Environmental Protection (NJDEP) on January 19, 1990; the permit 

has not yet been issued to DOE. 

On November 16, 1990, EPA promulgated changes to i t s stormwater 

regulations. Although these provisions did not a f f e c t reporting 

obligations for 1990, s i g n i f i c a n t changes in compliance monitoring 

and reporting may occur in 1991. 

Resource Conservation and Recovery Act 

RCRA (40 USC 6901 e t seq.) i s the p r i n c i p a l f e d e r a l s t a t u t e 

governing the management of hazardous waste. EPA r e g u l a t i o n s f o r 

implementing RCRA are contained i n 40 CFR Parts 260 through 271. 

New Jersey i s an authorized s t a t e f o r implementation of the RCRA 

program, and s t a t e RCRA requirements can be found i n New Jersey 

S o l i d and Hazardous Waste Management Regulations, T i t l e 7, 

New Jersey A d m i n i s t r a t i v e Code (NJAC), Chapter 26. 

Neither RCRA-regulated wastes nor r a d i o a c t i v e wastes c o n t a i n i n g 

RCRA-regulated wastes are known t o be present a t MSP. However, 

September 25, 1990, was the e f f e c t i v e date f o r implementation of 

the new t o x i c i t y c h a r a c t e r i s t i c leaching procedure (TCLP) t e s t f o r 

determining whether a s o l i d waste e x h i b i t s the RCRA c h a r a c t e r i s t i c 

of t o x i c i t y . S o i l samples taken from the two waste p i l e s a t MSP 

f o r t o x i c i t y a nalysis are c u r r e n t l y being analyzed. Should any 

samples f a i l the TCLP or e x h i b i t other RCRA c h a r a c t e r i s t i c s , the 

a p p l i c a b i l i t y of RCRA w i l l be reevaluated. 

Toxic Substances Control Act 

The most common t o x i c substances r e g u l a t e d by TSCA (15 USC 2601 

et seq.) are p o l y c h l o r i n a t e d biphenyls (PCBs) and asbestos. EPA 

11 



regulations regarding the production, use, storage, handling, and 

disposal of PCBs are codified i n 40. CFR Part 761. New Jersey 

regulates the generation and disposal of asbestos i n the New Jersey 

Solid and Hazardous Waste Management.Regulations, T i t l e 7, NJAC, 

Chapter 26. Like RCRA requirements, TSCA requirements w i l l have to 

be met in CERCLA remedial actions where they are applicable or 

relevant and appropriate. 

PCB management involves monitoring of in- s e r v i c e equipment; 

storage and disposal of equipment removed from service; cleanup and 

management of s p i l l residues; and recordkeeping and reporting. 

A small q u a n t i t y of asbestos i s present a t MSP around p i p i n g i n 

the process b u i l d i n g . Before any asbestos waste i s shipped 

o f f s i t e , the . n o t i f i c a t i o n p r o v i s i o n s mandated by New Jersey law 

w i l l be complied w i t h . 

Comprehensive Environmental Response, Compensation, 
and L i a b i l i t y Act 

CERCLA (42 USC 9601 et seq.) i s the primary source of s t a t u t o r y 

a u t h o r i t y f o r response actions t o be conducted a t MSP. EPA 

re g u l a t i o n s governing cleanup a c t i v i t i e s are found i n 4 0 CFR 

Part 3 00, which i s the National O i l and Hazardous Substances 

Contingency Plan. CERCLA Section 121 mandates t h a t CERCLA remedial 

actions comply w i t h substantive requirements of environmental laws 

when they are ap p l i c a b l e or r e l e v a n t and a p p r o p r i a t e . CERCLA 

mandates t h a t a p p l i c a b l e or r e l e v a n t and a p p r o p r i a t e requirements 

(ARARs) be a t t a i n e d during remedial a c t i o n s and, t o the gr e a t e s t 

extent p r a c t i c a b l e considering the exigencies- of the s i t u a t i o n , 

d uring removal actions. ARARs are f e d e r a l and s t a t e environmental 

s t a t u t e s and r e g u l a t i o n s other than CERCLA t h a t provide b i n d i n g 

requirements^for s i t e - s p e c i f i c a c t i o n s . There are three types of 

ARARs: (1) che m i c a l - s p e c i f i c requirements t h a t are u s u a l l y h e a l t h -

or risk-based numerical values, (2) performance, design, or other 

a c t i o n - s p e c i f i c requirements t h a t are u s u a l l y technology- or 

a c t i v i t y - b a s e d , and (3) l o c a t i o n - s p e c i f i c requirements t h a t are 

r e s t r i c t i o n s placed on concentrations of hazardous substances or 
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conduct of a c t i v i t i e s . ARARs are evaluated f o r t h e i r a p p l i c a b i l i t y 
throughout the CERCLA process. The ARAR i d e n t i f i c a t i o n process f o r 
MSP i s continuing and w i l l be completed before the f i n a l report i s 
issued. 

Unless a l l waste i s removed from MSP, remediation of t h i s s i t e 

w i l l be managed under the autho r i t y of CERCLA because wastes 

containing radionuclides are defined as hazardous substances under 

CERCLA. Any pot e n t i a l regulatory c o n f l i c t s regarding removal 

action decisions w i l l be resolved upon completion of an engineering 

evaluation/cost analysis (EE/CA) i n f i s c a l year 1994. After the 

EE/CA i s completed, the remedial design w i l l be prepared f o r the 

removal action altern a t i v e chosen. 

National Environmental Policy Act 

Preparation of an environmental assessment (EA) may be required 

to complete remedial action a c t i v i t i e s f o r MSP. Documentation to 

j u s t i f y a categorical exclusion (CX) for environmental monitoring 

and surveillance a c t i v i t i e s i s being prepared. A CX i s a class of 

DOE actions that normally does not require the preparation of an 

EA. An action f o r which a CX can be established i s one that w i l l 

have no po t e n t i a l for s i g n i f i c a n t impact on human health and the 

environment. In November 1990, DOE proposed to amend i t s NEPA 

guidelines. Among the proposed revisions i s an expansion of the 

l i s t of CXs, including s i t e characterization and environmental 

monitoring under CERCLA (55 FR 46444, September 7, 1990). The 

adoption of the amended guidelines w i l l streamline the 

decision-making process when determining the appropriate l e v e l of 

NEPA documentation. 

Other Major Environmental Statutes and Executive Orders 

In addition to the aforementioned DOE orders and statutes, 

several other major environmental statutes have been reviewed f o r 

a p p l i c a b i l i t y . For example, the Federal Insecticide, Fungicide, 

and Rodenticide Act; the Endangered Species Act; the Safe Drinking 



Water Act; and the National H i s t o r i c Preservation Act have a l l been 

found to impose no current requirements on the MSP s i t e . In 

addition, Executive Orders 11988 ("Floodplain Management") and 

11990 ("Protection of Wetlands") and s t a t e laws and regulations 

have been reviewed for a p p l i c a b i l i t y and compliance. MSP i s i n 

compliance with, or not subject to, a l l applicable environmental 

statutes, regulations, and executive orders. 

2.2 APPLICABLE ENVIRONMENTAL PERMITS 

A formal a p p l i c a t i o n has been submitted f o r a point-source 

stormwater discharge permit f o r MSP i n response t o a n o t i c e of 

v i o l a t i o n f o r discharge of stormwater r u n o f f i n t o a stream. The 

complete a p p l i c a t i o n was submitted on January 19, 1990; however, 

the permit has not yet been issued. 

2.3 ENVIRONMENTAL IMPACT STATEMENTS AND ENVIRONMENTAL ASSESSMENTS 

As s t a t e d , the preparation of an EA may be r e q u i r e d t o complete 

remedial a c t i o n a c t i v i t i e s a t MSP. Documentation t o support a CX 

i s being prepared, and the EE/CA i s scheduled t o be completed by 

1994. 

2.4 SUMMARY OF COMPLIANCE IN CALENDAR YEAR 19 91 (FIRST QUARTER) 

During the f i r s t quarter of calendar year 1991, ' f u l l r e g u l a t o r y 

compliance continued i n the same manner as d u r i n g 1990 a t MSP. 

Environmental monitoring continues, as does review of p o t e n t i a l l y 

a p p l i c a b l e r e g u l a t i o n s f o r t h e i r impact on the s i t e . NJDEP has 

taken no a c t i o n on the stormwater permit a p p l i c a t i o n mentioned i n 

the CWA s e c t i o n . 



3.0 ENVIRONMENTAL PROGRAM INFORMATION 

Routine monitoring f o r r a d i a t i o n , r a d i o a c t i v e m a t e r i a l s , and 

chemical substances on and o f f MSP i s used t o document compliance 

w i t h appropriate standards, provide the p u b l i c w i t h i n f o r m a t i o n , 

provide a h i s t o r i c a l record f o r year-to-year comparisons, and 

i d e n t i f y environmental impacts. The environmental monitoring 

program a s s i s t s i n f u l f i l l i n g the DOE p o l i c y of p r o t e c t i n g p u b l i c 

h e a l t h and the environment. 

The o b j e c t i v e s of t h i s r e p o r t are t o : 

• H i g h l i g h t s i g n i f i c a n t programs and e f f o r t s 

• Describe the environmental m o n i t o r i n g program 

• Report 1990 r a d i o l o g i c a l and n o n r a d i o l o g i c a l c o n d i t i o n s of 

the s i t e and surrounding areas 

• Provide comparison of mo n i t o r i n g r e s u l t s and ap p l i c a b l e 

r e g u l a t i o n s 

• Provide t r e n d analyses, where a p p l i c a b l e , t o i n d i c a t e 

increases or decreases i n contaminants 

• Provide d e t a i l e d i n f o r m a t i o n on the i n p u t and assumptions 

used i n a l l dose c a l c u l a t i o n s 

The primary audience f o r the environmental monitoring r e s u l t s 

includes the general p u b l i c ; p r o p e r t y owners; community i n t e r e s t 

groups; t e c h n i c a l s t a f f s of f e d e r a l , s t a t e , and l o c a l government 

agencies; and r e g u l a t o r y personnel. 

3.1 SUMMARY OF ENVIRONMENTAL MONITORING PROGRAM 

3.1.1 Environmental M o n i t o r i n g Requirements 

Requirements f o r environmental m o n i t o r i n g of r a d i o a c t i v e 

m a t e r i a l s are found i n the DOE orders (5400 se r i e s ) d e a l i n g w i t h 

r a d i a t i o n p r o t e c t i o n of the p u b l i c and the environment. These 

requirements include the m o n i t o r i n g of r a d i o n u c l i d e s i n 

groundwater, surface water, and sediment a t a l l DOE s i t e s . 
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Requirements for environmental monitoring of airborne pollutants 

are found in NESHAPs; non-radon radionuclide and radon monitoring 

are required by NESHAPs. Radon monitoring was conducted at the MSP 

boundary to ensure compliance with DOE orders. 

Requirements f o r environmental monitoring of nonradiological 

parameters are found i n DOE Order 5400.1 (DOE 1989). 

Nonradiological parameters were monitored t o obtain baseline 

information on groundwater, surface water, and sediment q u a l i t y . 

3.1.2 Monitoring Networks 

i 

The following common c r i t e r i a were used i n establishing the 
monitoring networks at MSP: 

• A l l monitoring stations, except some groundwater wells and 

surface water and sediment sampling locations, are onsite 

and accessible only to employees and authorized v i s i t o r s . 

A l l groundwater wells have locking caps to provide security. 

• Some stations are located on or near the DOE s i t e boundary 

to allow determination of exposure at the "fenceline" as 

required by DOE orders. 

• Background stations are located o f f s i t e i n areas known to be 

uncontaminated. 

The medium-specific networks at MSP include: 

• Twenty-seven radon monitoring stations (8 onsite, 17 at the 
s i t e boundary, and 2 o f f s i t e ) 

• Twenty-seven gamma rad i a t i o n monitoring stations (8 onsite, 

17 at the s i t e boundary.,- and 2 o f f s i t e ) 

• Five surface water monitoring locations (3 o f f s i t e 

downstream, 1 onsite downstream, and 1 o f f s i t e upstream) 
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• Five sediment monitoring locations (3 o f f s i t e downstream, 

1 onsite downstream, and 1 o f f s i t e upstream) 

• Twenty groundwater monitoring locations (3 onsite 

upgradient, 4 onsite downgradient, 2 o f f s i t e downgradient, 

and 1 o f f s i t e upgradient) 

D e t a i l s on the monitoring networks are provided i n Sections 4.0 

and 5.0. 

3.1.3 Summary of Environmental Monitoring Data 

The f o l l o w i n g subsections summarize environmental monitoring 

r e s u l t s f o r MSP f o r calendar year 1990. D e t a i l e d discussions of 

the r a d i o l o g i c a l and n o n r a d i o l o g i c a l r e s u l t s are provided i n 

Sections 4.0 and 5.0. 

Radon 

Annual average radon concentrations a t the s i t e boundary ranged 

from 0.4E-9 t o 1E-9 /iCi/ml (0.02 t o 0.04 Bq/L), i n c l u d i n g an 

average background l e v e l of 0. 8E-9 /iCi/L (0.03 Bq/L) 

(Subsection 4.1.1). Radon concentrations a t a l l m o n i t o r i n g 

l o c a t i o n s along the s i t e boundary were below the DOE g u i d e l i n e of 

3E-9 MCi/ml (0.1 Bq/L) f o r i n t e r i m storage s i t e s and remained close 

t o background l e v e l s throughout the year. The only concentrations 

exceeding DOE g u i d e l i n e s were a t s t a t i o n s l o c a t e d i n the process 

b u i l d i n g on s i t e . Thoron m o n i t o r i n g was not conducted a t MSP 

durin g 1990; however, i t w i l l be added t o the environmental 

monitoring program i n 1991. 

Radon f l u x measurements were c o l l e c t e d t o demonstrate t h a t the 

s i t e was i n compliance w i t h the radon f l u x l i m i t of 20E-9 /iCi/m2/s 

set f o r t h i n 40 CFR Part 61, Subpart Q. Both p i l e s had average 

radon f l u x r a t e s of 0.09E-9 /iCi/m2/s (3E-3 /iCi/m2/s) . 
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External gamma radiation exposure 

The annual average external gamma ra d i a t i o n exposure level was 

7 6 mR/yr onsite and 55 mR/yr at the property l i n e , excluding an 

average background of 64 mR/yr. Detailed information on gamma 

radiation exposure monitoring can be found i n Subsection 4.1.2. 

surface water 

Surface water sampling was performed quarterly t o determine 

concentrations of t o t a l uranium, radium-226, and thorium-232 and to 

assess any impact of s i t e discharges to surface waters i n the 

v i c i n i t y . Concentrations of radionuclides at downstream and 

upstream (background) sampling locations were essentially the same 

except f o r one t o t a l uranium value. Annual average concentrations 

ranged from 0.4E-9 to 2.8E-9 /xCi/ml (0.02 to 0.1 Bq/L) f o r 

radium-226 and from 3E-9 to 60E-9 /iCi/ml (0.1 to 2.2 Bq/L) for 

t o t a l uranium. Thorium-232 concentrations averaged 0.1E-9 fzCi/ml 

(4E-3 Bq/L). A l l radionuclide concentrations were below the DCGs 

of 100E-9 MCi/ml (3.7 Bq/L) f o r radium, 50E-9 /xCi/ml (1.9 Bq/L) f o r 

thorium-232, and 600E-9 juci/ml (22 Bq/L) fo r t o t a l uranium. 

Sediment 

Sediment samples were collected i n conjunction with surface 

water samples as a check f o r deposition of the contaminants of 

interest ( t o t a l uranium, radium-226, and thorium-232). Average 

annual concentrations i n sediment ranged from 0.7 to 6 pCi/g (0.03 

to 0.2 Bq/g) fo r radium-226, 0.5 to 2 pCi/g (0.02 to 0.07 Bq/g) for 

thorium-232, and 0.7 to 11 pCi/g (0.03 to 0.4 Bq/g) for t o t a l 

uranium. Concentrations i n downstream sediment were elevated 

compared with those found i n upstream (background) samples 

(Subsections 3.4 and 4.1.4). There are currently no guidelines i n 

eff e c t for radionuclide concentrations i n sediment; however, some 

of the radium-226 and thorium-232 values were greater than the 

5 pCi/g (0.2 Bq/g) FUSRAP guideline for the top 15-cm (6-in.) layer 
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of s o i l (Appendix C). Radionuclide concentrations were comparable 

to the concentrations t y p i c a l l y found i n phosphate f e r t i l i z e r s 

(Appendix F). 

Groundwater 

Groundwater results were i n general agreement with previous 

data. Quarterly groundwater samples were analyzed f o r t o t a l 

uranium, radium-22 6, thorium-232, and chemical ind i c a t o r parameters 

[sp e c i f i c conductance, pH, t o t a l organic carbon (TOC), and t o t a l 

organic halides (TOX)], and metals. In addition, v o l a t i l e and 

semivolatile organic compounds were analyzed f o r during the t h i r d 

quarter. Average annual concentrations i n groundwater ranged from 

0.3E-9 t o 2.4E-9, 0. 1E-9 t o 1E-9, and 3E-9 to-123E-9 M.Ci/ml (0.01 

to 0.09, 0.004 to 0.04, and 0.1 to 4.6 Bq/L) f o r radium-226, 

thorium-232, and t o t a l uranium, respectively. Radionuclide 

concentration levels i n a l l samples were below the DCGs of 100E-9, 

50E-9, and 600E-9 uCi/ml (3.7, 1.9, and 22 Bq/L) f o r radium-226, 

thorium-2 32, and t o t a l uranium, respectively. The groundwater 

q u a l i t y i s poor, but t h i s i s t y p i c a l f o r an i n d u s t r i a l i z e d urban 

area. 

3.2 APPLICABLE ENVIRONMENTAL PERMITS 

A formal application f o r a point-source stormwater discharge 

permit was submitted for MSP on January 19, 1990; however, NJDEP 

has not yet issued the permit. 

3.3 ENVIRONMENTAL IMPACT STATEMENTS AND ENVIRONMENTAL ASSESSMENTS 

As stated i n Section 2.0, documentation to support a CX i s 

scheduled to be completed i n f i s c a l year 1994, and an EE/CA i s also 

scheduled f o r completion i n 1994. 
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3.4 SUMMARY OP ENVIRONMENTAL ACTIVITIES 

During s p r i n g 1990, a s p e c i a l study was begun t o i n v e s t i g a t e 

elevated l e v e l s of r a d i o a c t i v i t y discovered d u r i n g r o u t i n e 

environmental monitoring of sediment downstream and i n the v i c i n i t y 

of the MSP o u t f a l l and confluence ( l o c a t i o n s 1, 2, and 3 on 

Figure 4-3). A plan was designed t o determine t h e extent of 

possible r a d i o a c t i v e contaminants i n the streambed. Location 2 was 

not sampled because of d i f f i c u l t i e s encountered by the sampling 

team; a n a l y t i c a l r e s u l t s from l o c a t i o n s 1 and 3. are given i n 

Table 3-1. The l e v e l s of r a d i o a c t i v i t y i n streambed sediments a t 

l o c a t i o n 1 are w e l l above background f o r uranium-2 3 8 and DOE s o i l 

g u i d e l i n e s f o r radium-226, i n d i c a t i n g t h a t the contamination i s 

probably due t o r a d i o a c t i v e p a r t i c l e s s e t t i n g out i n the quiescent 

p o r t i o n s of the stream. This area was remediated i n 1981. Results 

from l o c a t i o n 3 show t h a t average l e v e l s of r a d i o a c t i v i t y are near 

background. This study w i l l be continued i n 1991 t o determine the 

extent of contamination downstream. 

3.5 SELF-ASSESSMENTS 

During 1990, DOE conducted two major self-assessments of the 

FUSRAP environmental m o n i t o r i n g program: one i n June by the DOE 

Oak Ridge Operations Environmental P r o t e c t i o n D i v i s i o n , the second 

i n November by the DOE Headquarters O f f i c e of Environmental Audits. 

Findings from these two self-assessments focused on monit o r i n g 

techniques, f i e l d documentation of mon i t o r i n g events, and planning 

f o r environmental monitoring l o c a t i o n s and events. As a r e s u l t of 

the June assessed, c o r r e c t i v e a c t i o n s were developed and 

implemented before the next quarter*s environmental m o n i t o r i n g . 

Actions remaining c o n s i s t of developing environmental m o n i t o r i n g 

plans [ r e q u i r e d by DOE Order 5400.1 (DOE 1989)] t o document the 

l o g i c behind the environmental m o n i t o r i n g networks f o r FUSRAP 

s i t e s . Work on these plans i s c u r r e n t l y under way; they are 

scheduled t o be published by December 1991. 
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TABLE 3-1 

SEDIMENT/SOIL SAMPLING RESULTS AT PLANT OUTFALL AND 

DOWNSTREAM LOCATIONS 

Page 1 of 3 

Sampling 
Loca t ion 3 

M a t r i x Ra-22 6 b Th-2 32 l 

U-238 b 

Plant outfall 
(location 1) 

L e f t c u l v e r t 
Center c u l v e r t 
Right c u l v e r t 

3 f t downstream 

L e f t bank 
Stream center 
Right bank 

8 f t downstream 

L e f t bank 
Stream center 
Right bank 

13 f t downstream 

L e f t bank 
Stream center 
Right bank 

18 f t downstream 

L e f t bank 
Stream center 
Right bank 

2 3 f t downstream 

Sediment 
Sediment 
Sediment 

S o i l 
Sediment 
S o i l 

S o i l 
Sediment 
S o i l 

S o i l 
Sediment 
S o i l 

S o i l 
Sediment 
S o i l 

7.3 
2.8 

1.4 
7.9 
8 . 5 

1.4 
22 
1.2 

1.7 
46 
1.4 

1.4 
54 
0.8 

0.9 
0.8. 

2 . 1 
0 . 6 
1. 8 

1.9 
3 . 3 
1.7 

1.4 
5 . 1 
1.7' 

2.2 
5.9 
0.8 

4 . 2 
5.9 

4 . 4 
15 
19 

4.7 
36 
4 , 6 

2.3 
100 
2 . 4 

4 . 8 
100 
2 . 3 

L e f t bank 
Stream center 
Right bank 

S o i l 
Sediment 
S o i l 

1.5 
48 
1.4, 

1.4 
4 . 5 
2 . 6 

3 . 5 
120 

5.0 

21 



>f 3 

TABLE 3-1 

(continued) 

M a t r i x Ra-226b 

Th-232 b 

u-238* 238b 

am 

n_31 d 

nstream 

ank 

oank 

.'nstream 

; nk 

>ank 

•nstream 

nk 

ank 

nstream 

nk 

ank 

nstream 

i k 

mk 

'.stream 

.k 

nk 

S o i l 
Sediment 
Sediment 
S o i l 

S o i l 
Sediment 
Sediment 
S o i l 

S o i l 
Sediment 
Sediment 
S o i l 

S o i l 
Sediment 
Sediment 
S o i l 

S o i l 
Sediment 
Sediment 
S o i l 

S o i l 
Sediment 
Sediment 
S o i l 

0.8 
0.5 
0.7 
0.6 

0.8 
0.5 
0.6 
1.2 

2.1 
0.9 
1.4 
0.9 

4 . 1 
1.0 
1.1 
4.5 

0.7 
c 

0.8 
0 . 8 

1.2 
— _ c 

1.4 
3.4 

0.3 
0.6 
0.7 
0.7 

0.4 
0.3 
0.5 
1.4 

0.8 
0.8 
1.1 
1.0 

1.6 
1.1 
1.3 
1.4 

1.8 
— — c 

0 . 6 
0 . 8 

1.7 
_ _ c 

1.1 
1.6 

1.3 
1.4 
2 . 7 
3 . 1 

1.8 
1.4 
1.1 
3 . 8 

2.7 
1.6 
3.8 
3 . 4 

14 
1.5 
2.7 
8.1 

2.1 

2 . 7 
2.7 

4.1 
_ _ c 

3.5 
7.8 

7 
.8 
0 
5 

4-3 . 

a l e n t 



4.0 RADIOLOGICAL ENVIRONMENTAL PROGRAM 

MSP i s not an a c t i v e s i t e and produces no e f f l u e n t s . The only 

p o s s i b i l i t y f o r contamination t o be released from the s i t e would be 

through contaminant m i g r a t i o n . 

R a d i o l o g i c a l environmental m o n i t o r i n g a t MSP i n 1990 included 
sampling f o r : 

• radon concentrations i n a i r 

• o n s i t e e x t e r n a l gamma r a d i a t i o n exposure 

• radium-226, thorium-232, and t o t a l uranium concentrations i n 

surface water, sediment, and groundwater 

The-monitoring systems included o n s i t e , s i t e boundary; and o f f s i t e 

s t a t i o n s t o provide s u f f i c i e n t i n f o r m a t i o n on the s i t e ' s p o t e n t i a l 

e f f e c t s on human h e a l t h and the environment. 

The i n f o r m a t i o n contained i n t h i s s e c t i o n of the r e p o r t 

includes the q u a r t e r l y r a d i o l o g i c a l data f o r each sampling p o i n t , 

y e a r l y averages, and t r e n d i n f o r m a t i o n . The methodology f o r 

c a l c u l a t i n g the averages and standard d e v i a t i o n s i s provided i n 

Appendix A. A l l q u a r t e r l y data are r e p o r t e d as received from the 

la b o r a t o r y ; a l l c a l c u l a t e d values ( i . e . , averages and standard 

deviations) have been rounded o f f using standard r u l e s f o r 

s i g n i f i c a n t f i g u r e s . Where a p p r o p r i a t e , data are presented using 

powers of t e n . The number f o l l o w i n g the "E" denotes ^the exponent 

(e.g., 3.2 x 10"1 i s given as 3.2E-1). 

Some of the q u a r t e r l y r e s u l t s are rep o r t e d using a "less than" 

(<) sign. This n o t a t i o n i s used t o denote s p e c i f i c sample r e s u l t s 

t h a t are below t h e - l i m i t of s e n s i t i v i t y of the a n a l y t i c a l method, 

based on a s t a t i s t i c a l a n a l y s i s of parameters. . For computing 

annual averages, q u a r t e r l y values reported as less than a given 

l i m i t of s e n s i t i v i t y are considered equal t o t h a t l i m i t . The 

methodology use i n c a l c u l a t i n g the averages and standard d e v i a t i o n s 

i s provided i n Appendix A. 

The f o l l o w i n g subsections'discuss the m o n i t o r i n g program f o r 

possible r a d i o a c t i v e contaminant m i g r a t i o n and r e s u l t s f o r 1990. 



4.1 ENVIRONMENTAL MONITORING FOR RADIOLOGICAL CONTAMINANTS 

4.1.1 Radon Monitoring 

One of t h e primary pathways of r a d i a t i o n exposure from the 

uranium-238 decay series a r i s e s from i n h a l a t i o n of the s h o r t - l i v e d 

radon (radon-222) and radon daughter products. Radon i s a 

r a d i o a c t i v e (alpha-emitting) gas t h a t i s very mobile i n a i r ; 

monitoring i s conducted a t MSP t o assess t h e impacts of the 

contaminants a t the s i t e on radon l e v e l s near the s i t e . Thoron 

(radon-220), a r a d i o a c t i v e gas from the thorium-232 decay s e r i e s , 

was not included as p a r t of the 1990 environmental monitoring 

program; however, thoron monitoring w i l l be added t o the program i n 

1991. 

Program d e s c r i p t i o n 

Radon concentrations were obtained q u a r t e r l y using monitors 

t h a t c o n t a i n a piece of a l p h a - s e n s i t i v e f i l m enclosed i n a small 

p l a s t i c two-piece cup. Radon d i f f u s e s through a seam or membrane 

(depending on the manufacturer of the d e t e c t o r ) of the cup u n t i l 

the radon concentrations i n s i d e and outside the cup reach 

e q u i l i b r i u m . Alpha p a r t i c l e s emitted from the r a d i o a c t i v e decay of 

radon and i t s daughters create t i n y t r a c k s when they c o l l i d e w i t h 

the f i l m . A f t e r they are c o l l e c t e d , the f i l m s are placed i n a 

cau s t i c e t c h i n g s o l u t i o n t o enlarge the t r a c k s ; under strong 

m a g n i f i c a t i o n , the tr a c k s are counted. The number of t r a c k s per 

u n i t area ( i . e . , tracks/mm 2) i s r e l a t e d through c a l i b r a t i o n t o the 

radon c o n c e n t r a t i o n i n a i r . 

Radon det e c t o r s are maintained a t 8 o n s i t e , 17 s i t e boundary, 

and 2 - o f f s i t e l o c a t i o n s ; the o n s i t e l o c a t i o n s are shown i n 

Figure 4-1. Detectors are spaced along the s i t e boundary t o ensure 

adequate d e t e c t i o n c a p a b i l i t y under most atmospheric c o n d i t i o n s . 

The o f f s i t e l o c a t i o n s are used t o measure background radon l e v e l s . 

One d e t e c t o r was re t a i n e d a t MML a f t e r ownership of t h a t s i t e was 
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Radon and External Gamma Radiation Monitoring Locations at MSP 
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t r a n s f e r r e d t o the Borough of Middlesex. This l o c a t i o n , l i s t e d i n 

Table 4-1 as MML-4, i s approximately' 0.8 km (0.5 mi) northwest of 

MSP. The second detector, s t a t i o n 29, i s l o c a t e d approximately 

18.5 km (11.5 mi) east of MSP. 

To determine the radon f l u x from the storage p i l e s , 40 charcoal 

c a n i s t e r s were placed on the l a r g e p i l e and 3 0 were placed on the 

small p i l e . The ca n i s t e r s remained on the p i l e s f o r 2 4 hours and 

were then removed, sealed, and shipped f o r a n a l y s i s . No 

s i g n i f i c a n t weather event occurred i n the t h r e e days before or 

during the sampling event. Because radon i s a gas, r a i n or snow 

could i n h i b i t the normal radon f l u x r a t e and cause the r e s u l t i n g 

measurements t o be lower than normal. 

Data and discussion 

The maximum q u a r t e r l y ambient a i r radon con c e n t r a t i o n detected 

was 29.8E-9 MCi/ml (1.1 Bq/L), a t l o c a t i o n 31 ( i n s i d e the process 

b u i l d i n g ) . Annual average concentrations a t the s i t e boundary 

ranged from 0.4E-9 t o 1E-9 MCi/ml (0.02 t o 0.04 Bq/L) i n c l u d i n g 

background (see Table 4-1). No annual average c o n c e n t r a t i o n a t the 

s i t e boundary was higher than the DOE i n t e r i m storage s i t e 

g u i d e l i n e of 3E-9 /iCi/ml (0.1 Bq/L) above background a t the 

boundary. Five l o c a t i o n s o n s i t e ( s t a t i o n s 3, 21, 24, and 31, i n 

zhe. process b u i l d i n g ) had average concentrations of 16.2E-9, 

18.9E-9, 15.4E-9, and 21.3E-9 MCi/ml (0.599, 0.699, 0.570, and 

0.788 Bq/L), r e s p e c t i v e l y . As demonstrated by the perimeter 

monitoring l o c a t i o n s , radon l e v e l s q u i c k l y decrease t o below the 

DCGs and pose no t h r e a t t o the surrounding environment or the 

p u b l i c . 

The r e s u l t s of radon f l u x m o n i t o r i n g demonstrated t h a t both 

p i l e s had average f l u x r a t es of 0.09E-6 MCi/m2/s (3E-3 Bq/m2/s) 

wi t h minimum and maximum values of 0.01E-9 and 0.78E-6 /iCi/m2/s 

(4E-4 and 0.029 Bq/m2/s) , r e s p e c t i v e l y . This demonstrates t h a t 

both p i l e s were i n compliance w i t h the radon f l u x l i m i t of 

20E-9 >Ci/m7s (0.74 Bq/m2/s) (an averaged value) set f o r t h i n 

40 CFR Part 61, Subpart Q. 



TABLE 4-1 

CONCENTRATIONS8'13 OF RADON 

AT MSP, 1990 

Page 1 of 2 

Sampling Quarter 
Location 2 i 2 Min Max Avg 

S i t e Boundary 

2 1.1 0.4 <0.3 0.6 0.3 1.1 0.6 
4 3.2 0.4 <0.3 1.3 0.3 3.2 1 
5 0.9 0.3 <0. 3 0.6 0 . 3 0.9 0 . 5 
7 1.8 0.3 <0. 3 0.4 0 . 3 1.8 0 . 7 
8 0 . 5 0.3 <0 . 3 0.5' 0 . 3 0 .5 0.4 

11 2 . 2 0.3 <0 . 3 0 . 6 0.3 2 . 2 0 . 9 
12 -•1.2 0.5 <0 . 3 0 . 3 0. 3 1.2 0 . 6 
13 2 . 2 0.4 <0. 3 1.0 0.3 2.2 1 
14 0 . 9 0.3 <0. 3 0 . 3 0 . 3 0.9 0 . 5 
15 1.0 0.8 <0.3 0.3 0. 3 1.0 0.6 
16 0-. 7 1.0 <0. 3 0.3 0.3 1.0 0 . 6 

. 17 0.6 1.9 <0. 3 0.5 0.3 1.9 0.8 
18 1.0 2.5 <0. 3 0.7 0.3 2.5 1 
19 1.0 1.5 <0.3 1.0 0.3 1.5 1 

Q u a l i t y Control 

2 0 d 

1.2 1.4 <0 . 3 0 . 7 0.3 1.4 0.9 
22 d 1. 0 3 . 1 <0. 3 1.2 0 . 3 3 . 1 1 
23 d 0 . 6 0.3 <0. 3 0.6 0 . 3 0 . 6 0.5 

Onsire 

1 1.1 1.5 0.7 2 . 3 0.7 2 . 3 1 
3 e 17.8 15. 1 15.8 16. 1 15. 1 17.8 16.2 
6 9.2 3.2 3 . 4 2 . 6 3 . 2 9 . 2 4 . 6 
9 0.7 0.5 <0. 3 1. 4 0 . 3 1.4 0.7 

10 1. 7 0.5 <0. 3 0 . 3 0.3 1.7 0.7 
2 1 e 21.2 10. 6 21.2 22 . 4 10.6 22 . 4 18 . 9 

Q u a l i t y Control 

24 e 10 . 0 10.5 20.3 20.9 10. 0 20.9 15. 4 
3 1 e 29 . 8 12 . 7 20.9 21.7 12 . 7 29 . 8 21.3 

Background 

MML-4 2 . 8 0.4 <0. 3 h 0.3 2 . 8 1 
29 6 0.9 0.3 <0 . 3 <0 . 3 0.3 0.9 0.5 

28 



TABLE 4-1 

(continued) 
Page 2 of 2 

Concentrations are given i n E-9 jnci/ml. Note: 1E-9 /xci/ml i s 
equivalent t o 0.037 Bq/L. 

background has not been subtracted from the values reported 
for boundary and onsite stations. Note: Concentrations at 
some stations were below Values at background stations. 

"Sampling locations are shown i n Figure 4-1. 

s t a t i o n 20 i s a qu a l i t y control f o r s t a t i o n 18; stations 22 and 
2 3 are q u a l i t y controls f o r s t a t i o n 15. 

-Located i n the process building. 

-Located at the Middlesex Municipal L a n d f i l l , Mountain Ave., 
Middlesex, NJ, 0.8 km (0.5 mi) norrhwest of MSP. 

sLocated at 658 Leone St., Woodbridge, NJ, approximately 18.5 km 
(11.5 mi) east of MSP. 

••"Detector was damaged. 



Trends 

Comparisons of concentrations o f radon i n a i r measured from 

1986 through 1990 are presented i n Table 4-2. The expected values 

shown are based on c a l c u l a t i o n rof the standard d e v i a t i o n of the 

y e a r l y means. The expected range provides a rough check on whether 

there are any trends present i n the data. I f the range v a r i e s a 

great deal from l o c a t i o n t o l o c a t i o n , or i f a s t a t i o n c o n s i s t e n t l y 

f a l l s o utside the expected range, then a t r e n d could be present. 

Table 4-2 shows.that the standard d e v i a t i o n s are r e l a t i v e l y small 

and f a i r l y c o n s i s t e n t , and comparison of Tables 4-1 and 4-2 

demonstrates t h a t the annual average values f a l l w i t h i n the 

expected range. Based on t h i s i n f o r m a t i o n , t h e r e are no 

d i s c e r n i b l e trends. Annual average radon concentrations f o r 1990 

f e l l w i t h i n the expected value range of background l o c a t i o n s f o r 

the s i t e . This i s a good i n d i c a t i o n t h a t t h e r e i s no upward t r e n d 

i n radon concentrations, which i s t o be expected because there have 

been no recent a c t i v i t i e s t h a t would d i s t u r b radon sources. 

4.1.2 External Gamma Exposure Monitoring 

External gamma r a d i a t i o n l e v e l s are measured as p a r t of the 

ro u t i n e environmental monitoring program t o confirm t h a t d i r e c t 

r a d i a t i o n from MSP i s not s i g n i f i c a n t l y i n c r e a s i n g r a d i a t i o n l e v e l s 

above n a t u r a l background l e v e l s and t o ensure compliance w i t h 

environmental r e g u l a t i o n s . 

Program d e s c r i p t i o n 

Since 1988, the e x t e r n a l gamma r a d i a t i o n m onitoring system has 

used t i s s u e - e q u i v a l e n t thermoluminescent dosimeters (TETLDs) t o 

provide r e a l i s t i c values of ; r a d i a t i o n dose t o the t i s s u e s of the 

body. When exposed t o p e n e t r a t i n g r a d i a t i o n (such as gamma or 

cosmic r a d i a t i o n ) , thermoluminescent m a t e r i a l s absorb and s t o r e a 

p o r t i o n of the energy. I f the m a t e r i a l i s heated, the stored 

energy i s released as l i g h t , and the l i g h t i s measured and used t o 

c a l c u l a t e an equivalent dose. 



Page 1 of 2 

Sampling 
Location 1' 

TABLE 4-2 

TREND ANALYSIS FOR CONCENTRATIONS8 

OF RADON AT MSP, 1986-1990 

Annual Average Concentration Average Standard Expected 
1986 1987 1988 1989 1990 Value Deviation Range0 

S i t e Boundary 

2 0.6 1. 0 0.3 0.4 0.6 0 . 6 0.24 0.2 - 1 
4 1.0 0.8 0.7 1.8 1.3 1 0.4 0.2 - 1.8 
5 0.8 0.8 0 . 6 0.4 0.5 0.6 0.2 0.30 - 0.94 
7 . 1.0 0.9 0 . 3 0.4 0.7 0 . 7 0.3 0.1 - 1.3 
8 - 1. 0 0 . 6 0 . 3 0.4 0.4 0.5 0.3 0 - 1 

11 1.1 1. 0 0 . 3 0.4 0.9 0.7 0.3 0.1 - 1 
12 0.9 0.4 0.5 0.4 0.6 0.6 0.2 0.2 - 1 
13. 0.9 1.4 0.4 0.4 1.0 0 . 8 0.4 0 - 2 
14 1.2 0.9 0 . 4 0.4 0.5 0.7 0.3 0.1 - 1 
15 0.3 0.3 0.4 0.6 0.6 0.4 0.1 0.2 - 0.6 
16 0.7 0.8 0.3 0.5 0.6 0.6 0.2 0.2 - 1 
17 0.7 0.7 0.4 0.5 0.8 0.6 0.2 0.2 - 1 
18 0.8 1.0 0.6 0.4 1.1 0.8 0.3 0.2 - 1 
19 1.1 1.3 0.4 0.6 1.0 0.9 0.3 0.3 - 2 

Quality Control 

20 1.1 1.5 0.5 0.5 0.9 0.9 0.4 0.1 - 2 
22 0.9 1.6 0.3 0.4 1.4 0.9 0.5 0 - 2 
23 d — — - — — 0.5 — — — 

Onsite 

l d — — — — 1.4 — 
3 d — — — 16.2 — — — 
6 d — 4.6 — — . — 
9 d 1 . o 0. 8 0. 7 -- 0.7 0.8 0.1 0.5 - 1.1 

10 1.0 0.7 0.4 0.4 0.7 0.6 0.2 0.2 - 1 
2 1 d , e — — — — 18.9 -- — — 



TABLE 4-2 

(continued) 

Page 2 of 2 

Sampling 
Location 1' 

Annual Average Concentration Average Standard Expected 
1986 1987 1988 1989 1990 Value Deviation Range0 

Q u a l i t y C o n t r o l 

24 
31 

d,e 

d,e 
15. 
21. 

Background 

MML-4 
2 9 8 

0 . 4 
2 . 0 

0 . 9 
1 .2 

0 . 4 
0 . 3 

0 .4 
0 . 4 

1.2 
0 . 5 

0 . 7 
0 . 9 

0 . 4 
0 . 6 

0 - 1 
0 - 2 

Note: Sources of 1986-1989 data are the annual environmental r e p o r t s f o r those 
years (BNI 1987, 1988, 1989, 1990). 

aMeasured background has not been subtracted from the boundary and o n s i t e values. 
bSampling l o c a t i o n s are shown i n Figure 4-1. 
°Average value ±2 standard d e v i a t i o n s . 
dAdded t o the environmental program i n 1990. 
"Located i n the process b u i l d i n g . 
fLocated a t the Middlesex Municipal L a n d f i l l , Mountain Ave., Middlesex, NJ, 
0.8 km (0.5 mi) northwest of MSP. 

8Located a t 658 Leone St., Woodbridge, NJ, approximately 18.5 km (11.5 mi) east of 
MSP. 



Each dosimetry st a t i o n contains a minimum of four dosimeters. 

One dosimeter i n each s t a t i o n w i l l have been exposed f o r a f u l l 

year at the end of each quarter, at which time the f u l l y exposed 

dosimeter i s exchanged with a new dosimeter. Each dosimeter 

contains f i v e i n d i v i d u a l l i t h i u m f l u o r i d e chips th a t were 

preselected on the basis of having a r e p r o d u c i b i l i t y of ±3 percent 

across a series of laboratory exposures. The responses are 

averaged, and the average value i s then corrected f o r the shielding 

e f f e c t of the shelter housing (approximately 8 percent). The 

corrected value i s then converted to milliroentgen per year 

(mR/yr). (In determining exposure, 1 mR/yr i s approximately equal 

to 1 mrem/yr.) Although TETLDs are state of the a r t , the dosimeter 

accuracy i s approximately ±10 percent at levels between 100 and 

1000 mR/yr and ±25 percent at radiation levels i n the range of 

7 0 mR/yr. 

External gamma radiation levels are measured at 8 onsite, 

17 s i t e boundary, and 2 o f f s i t e locations, as shown i n Figure 4-1. 

Background rad i a t i o n l e v e l r a d i a t i o n detectors are at the same 

locations as the background radon detectors. 

Data and discussion 

The res u l t s of external gamma radi a t i o n monitoring are 

presented i n Table 4-3. The annual average gamma radiation 

exposure le v e l was 76 mR/yr onsite and 55 mR/yr at the s i t e 

boundary (excluding background); the average background level was 

64 mR/yr. The highest annual average le v e l at the s i t e boundary 

was 136 mR/yr (location 11), and a l l quarterly levels at t h i s 

location were 119 mR/yr or above, excluding background. A 

hypothetical ind i v i d u a l standing at location 11 for the e n t i r e year 

would receive a dose i n excess of the 100 mrem/yr DOE guideline. 

The DOE long-term radiation protection standard of 100 mrem/yr i n 

excess of background includes exposure from a l l pathways except 

medical treatments and exposures from radon (DOE 1990b). 

Information on public exposure can be found i n Subsection 4.2. 



TABLE 4-3 

AVERAGE EXTERNAL GAMMA RADIATION LEVELS 3- b AT MSP, 1990 

Page 1 of 2 

Sampling 
Loc a t i o n 0 

Quarter 

Average 

S i t e Boundary 

2 
4 
5 
7 
8 

11 
12 
13 
14 
15 
16 
17 
18 
19 

Q u a l i t y C o n t r o l 

20 d 

22 d 

23 d 

O n s i t e 

1 
3 £ 

6 
9 

10 
2 1 f 

Q u a l i t y C o n t r o l 

24 £' 8 

. 31 f' s 

Background 

86 
47 
75 
28 
59 

157 
122 
61 
36 
51 
52 
23 
38 
29 

0 e 

43 
88 

13 
51 

128 
105 
78 
99 

39 
100 

77 
37 
73 
27 
63 

137 
109 
61 
28 
55 
52 
34 
29 
32 

0 
45 
82 

11 
54 

121 
84 
87 

100 

47 
104 

81 
36 
74 
27 
61 

131 
96 
65 
27 
57 
52 
24 
27 
40 

0 
52 
89 

13 
53 

118 
92 
88 
89 

51 
96 

63 
20 
46 
8 

51 
119 
75 
54 
19 
42 
12 
9 

10 
88 

0 
68 
96 

0 
47 

117 
70 
90 

103 

47 
109 

Average 

Average 

77 
35 
67 
23 
59 

136 
101 
60 
28 
51 
42 
23 
26 
47 
55 

0 
52 
89 

9 
51 

121 
88 
86 
98 
76 

46 
102 

MML-4 
29 J 

61 
66 

65 
70 

53 
60 

60 
75 68 

Average 64 



TABLE 4-3 

(continued) 

Page 2 of 2 
aLevels are g i v e n i n u n i t s of mR/yr. Dosimeters evaluated each 
quarter have been i n place f o r 1 year. 

bMeasured background has been subtracted from the readings taken 
at the boundary and o n s i t e sampling s t a t i o n s . 

cSampling l o c a t i o n s are shown i n Figure 4-1. 

d S t a t i o n 20 i s a q u a l i t y c o n t r o l f o r s t a t i o n 18; s t a t i o n s 22 
and 23 are q u a l i t y c o n t r o l s f o r s t a t i o n 15. 

eA zero i n d i c a t e s t h a t the measured value was not d i s t i n g u i s h a b l e 
from background l e v e l s . 

""Located i n the process b u i l d i n g . 

^Stations 24 and 31 are q u a l i t y c o n t r o l s f o r s t a t i o n 21. 

hLocated a t Middlesex Municipal L a n d f i l l , Mountain Ave., 
Middlesex, NJ, 0.8 km (0.5 mi) northwest of MSP. 

iTETLD i s missing. 

JLocated a t 658 Leone St., Woodbridge, NJ, approximately 
18.5 km (11.5 mi) east of MSP. • 
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The background e x t e r n a l gamma r a d i a t i o n value f o r a given 

l o c a t i o n i s not constant because the value i s a f f e c t e d by a 

combination o f both n a t u r a l t e r r e s t r i a l and cosmic r a d i a t i o n 

sources and by f a c t o r s such as the l o c a t i o n of the d e t e c t o r i n 

r e l a t i o n t o surface rock outcrops, stone o r concrete s t r u c t u r e s , or 

h i g h l y m i n e r a l i z e d s o i l . Detectors also are i n f l u e n c e d by s i t e 

a l t i t u d e , annual barometric pressure c y c l e s , and the occurrence and 

frequency of s o l a r f l a r e a c t i v i t y (Eisenbud 1987). 

Because of these f a c t o r s , the background r a d i a t i o n l e v e l i s not 

constant from one l o c a t i o n t o another even over a shor t time. Thus 

i t i s not abnormal f o r some s t a t i o n s a t the boundary of a s i t e t o 

have an e x t e r n a l gamma r a d i a t i o n value less than the background 

l e v e l measured some distance from the s i t e . 

For comparison, Figure 4-2 shows the average annual e x t e r n a l 

r a d i a t i o n l e v e l s f o r l o c a t i o n s o n s i t e , a t the s i t e boundary, and 

o f f s i t e ; and f o r the n a t i o n . Based on these data, the r a d i o a c t i v e 

waste s t o r e d a t MSP does not present a h e a l t h t h r e a t t o the p u b l i c 

from e x t e r n a l gamma r a d i a t i o n because the l e v e l s are low and access 

t o the m a t e r i a l i s r e s t r i c t e d . 

Trends 

Comparisons of e x t e r n a l gamma exposure l e v e l s measured from 

1986 through 1990 are presented i n Table 4-4. The expected value 

ranges shown are based on c a l c u l a t i o n of the standard d e v i a t i o n of 

the y e a r l y means. The expected range provides a rough check on 

whether t h e r e are any trends present i n the data. I f the range 

v a r i e s a g r e a t deal from l o c a t i o n t o l o c a t i o n , or i f a s t a t i o n 

c o n s i s t e n t l y f a l l s outside the expected range, then a t r e n d could 

be present. 

I n general, a l l of the 1990 q u a r t e r l y values f e l l w i t h i n the 

expected range, which i n d i c a t e s an absence of trends. 

A d d i t i o n a l l y , several of the standard deviations' f o r s i t e boundary 

s t a t i o n s were considerably l a r g e r than those f o r the background 

s t a t i o n s . These f l u c t u a t i o n s could be due t o the p r e c i s i o n of the 
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The DOE guideline lor external gamma radiation exposure is 100 mrem/yr above background level (DOE 1990b). Note: 1 mrem is approximately equivalent to 1 mR. 
Source: Martin Marietta Energy Systems, Inc., 1989. Portsmouth Gaseous Diffusion Plant Site Environmental Report for 1988, ES/ESH-8/V4, Oak Ridge, Tenn. 

Figure 4-2 
External Gamma Radiation Exposure Rates 



TABLE 4-4 

TREND ANALYSIS FOR EXTERNAL GAMMA RADIATION LEVELSa,b 

AT MSP, 1986-1990 

Page 1 of 2 : . 

Sampling Annual Average Level Average Standard Expected 
Location 0 1986 1987 1988 1989 1990 Value Deviation Ranged 

S i t e Boundary 

2 75 60 112 86 77 82 17 48 - 120 
4 41 31 48 20 3 5 35 9.4 16 - 54 
5 125 99 115 55 67 92 27 38 - 150 
7 22 17 25 14 23 20 4 12 - 28 
8 46 23 65 48 59 48 16 16 - 80 

11 121 94 155 125 136 130 22 86 - 170 
12 72 55 142 90 101 92 30 32 - 152 
13 33 40 61 51 60 49 15 19 - 79 
14 29 19 32 16 28 25 11 3 - 57 
15 37 27 50 35 51 40 9.5 21 - 59 
16 36 17 34 36 42 33 9.0 15 - 51 
17 25 13 31 20 23 22 5.8 10 - 34 
18 28 14 21 15 26 21 6 9 - 33 
19 32 13 38 30 47 32 13 7 - 57 

Q u a l i t y Control 

20 e 3 0 f 0 0 0 0.6 1.3 0 - 3 
22 e 43 20 48 54 52 43 14 15 - 71 
23 s — — — — 89 -- — — 

Onsite 

l 8 ' — — — — 9 — 
3 8 — -- — — 51 

—• 
— — 

6 8 — — — — 121 — — — 
9 8 67 49 96 — 88 75 21 33 - 117 

10 60 44 115 66 86 74 24 26 - 120 
2 1 s . h -- -- — — 98 — — — 



TABLE 4-4 

(continued) 

Page 2 of 2 

Sampling 
Location 0 

Annual Average Levels 
1986 1987 1988 1989 1990 

Q u a l i t y Control 

240.8.11 

3 1 e h 

Background 

M M L - 4 ' 
2 9 j 7 1 7 1 90 

58 
76 

46 
102 

60 
68 

Average 
Value 

Standard 
Deviation 

59 
75 

1.0 
7.8 

Expected 
Ranged 

57 - 61 
59 - 91 

Note: Sources f o r 1986-1989 data are the annual environmental r e p o r t s f o r those 
years (BNI 1987, 1988, 1989, 1990). 

"Levels are given i n u n i t s of mR/yr. 

Measured background has been subtracted from the readings taken a t o n s i t e and 
boundary s t a t i o n s . 

cSampling l o c a t i o n s are shown i n Figure 4-1. 

dAverage value ±2 standard d e v i a t i o n s . 

e S t a t i o n s 24 and 31 are q u a l i t y c o n t r o l s f o r s t a t i o n 21; s t a t i o n s 21, 22, and 23 are 
q u a l i t y c o n t r o l s f o r s t a t i o n 15. 

fA zero i n d i c a t e s t h a t the measured value was not d i s t i n g u i s h a b l e from background l e v e l s . 

8 L o c a t i o n was added t o the environmental monitoring program i n 1990. 

''Located i n the process b u i l d i n g . 

'Located at the Middlesex Municipal L a n d f i l l , Middlesex, NJ, 0.8 km (0.5 mi) northwest 
of MSP. Established i n A p r i l 1988. 



d i f f e r e n t d e t e c t o r s used over the l a s t f i v e years. Since 1987, 

there has been no work a t MSP t h a t would s i g n i f i c a n t l y change the ' 

gamma exposure l e v e l s . 

4.1.3 Surface Water Monitoring 

Surface water monitoring i s conducted t o ensure compliance w i t h 

environmental r e g u l a t i o n s and t o determine whether r u n o f f from MSP 

co n t r i b u t e s t o surface water contamination i n the area. 

Program d e s c r i p t i o n 

Surface water samples were c o l l e c t e d q u a r t e r l y a t sampling 

l o c a t i o n s e s t a b l i s h e d on discharge routes from the s i t e . Sampling 

poi n t s were located upstream ( l o c a t i o n 4),, t o e s t a b l i s h background 

c o n d i t i o n s ; downstream ( l o c a t i o n s 1, 2, and 3 ) , t o determine the 

e f f e c t of r u n o f f from the s i t e on the surface waters i n the 

v i c i n i t y ; and o n s i t e ( l o c a t i o n 5) (Figure 4-3). 

Surface- water samples were analyzed q u a r t e r l y f o r t o t a l 

uranium, radium-22 6, and thorium-232. T o t a l uranium i n surface 

water i s t y p i c a l l y measured using the f l u o r o m e t r i c method, which 

has been proven t o be a very s e n s i t i v e and dependable method f o r 

determining t r a c e concentrations of uranium. The f i r s t step i n the 

method i s dispensing a measured a l i q u o t ( t y p i c a l l y 0.1 ml) of 

sample onto a f l u x p e l l e t made of sodium f l u o r i d e (98 percent) and 

l i t h i u m f l u o r i d e (2 pe r c e n t ) . The f l u x p e l l e t i s d r i e d , and the 

uranium i s then fused t o the p e l l e t by a r o t a r y f u s i o n burner. 

A f t e r c o o l i n g , the fluorescence of the fused p e l l e t i s measured by 

a f l u o r i m e t e r . The measured fluorescence of the p e l l e t i s d i r e c t l y 

p r o p o r t i o n a l t o the con c e n t r a t i o n of t o t a l uranium i n the sample as 

compared w i t h spikes, standards, and blanks. 

Radium-226 concentrations were determined by radon emanation. 

This method f o r d e t e c t i n g radon c o n s i s t s of p r e c i p i t a t i n g 

radium-226 as s u l f a t e and t r a n s f e r r i n g the t r e a t e d s u l f a t e t o a 

radon bubbler, where the radon-222 i s allowed t o come t o 

e q u i l i b r i u m w i t h i t s radium-226 parent. The radon-222 i s then 
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17 - ic i * ; i 

Figure 4-3 Surface Water and Sediment Sampling 
Locations in the Vininitv/ nf MSP 



withdrawn i n t o a s c i n t i l l a t i o n c e l l and counted by the gross alpha 

technique. The q u a n t i t y of radon-222 detected i n t h i s manner i s 

d i r e c t l y p r o p o r t i o n a l t o t h e q u a n t i t y of radium-226 o r i g i n a l l y 

present i n the sample. 

Thorium-2 32 concentrations were determined by the 

p h o t o n / e l e c t r o n - r e j e c t i n g alpha l i q u i d s c i n t i l l a t i o n (PERALS) 

method. This method begins w i t h the c o p r e c i p i t a t i o n of 

r a d i o n u c l i d e s from a sample by using lead s u l f a t e . Radium i s 

separated onto barium s u l f a t e and p r e c i p i t a t e d w i t h d i e t h y l e n e -

triamine-pentaacetate s o l u t i o n . Thorium i s then separated ' 

s e q u e n t i a l l y from barium s u l f a t e supernate by e x t r a c t i o n i n t o 

d i ( 2 - e t h y l h e x y l ) p h o s p h o r i c a c i d . The thorium i s then counted on 

the PERALS instrument. This method has approximately a 95 percent 

recovery r a t e f o r thorium i n samples. 

Data and discussion 

Table 4-5 presents 1990 concentrations of t o t a l uranium, 

radium-22 6, and thorium-23 2 i n surface water. The annual average 

con c e n t r a t i o n of t o t a l uranium a t the upstream (background) 

l o c a t i o n was 3E-9 /iCi/ml (0.1 Bq/L); the range a t a l l other 

l o c a t i o n s was 3E-9 t o 60E-9 /iCi/ml (0.1 t o 2.2 Bq/L). As shown, 

sampling l o c a t i o n 1 (the p l a n t o u t f a l l ) had an average 

conc e n t r a t i o n of 60E-9 /iCi/ml (2.2 Bq/L). Elevated l e v e l s at 

downstream l o c a t i o n s are being i n v e s t i g a t e d (see Subsection 3.4). 

A l l uranium concentrations were w e l l below the DCG of 600E-9 uCi/ml 

(22 Bq/L). 

Annual average radium-22 6 c o n c e n t r a t i o n s at the upstream 

l o c a t i o n were 0.4E-9 /xCi/ml (0.02 Bq/L) and ranged from 0.3E-9 t o 

2.8E-9 MCi/ml (0.01 t o 0.1 Bq/L) at downstream and o n s i t e 

l o c a t i o n s . The .majority of the radium-226 concentrations remained 

close t o background throughout the year; the exception was 

l o c a t i o n 1, where concentrations averaged approximately seven times 

background. A l l l o c a t i o n s had concentrations t h a t were w e l l below 

the DCG of 100E-9 /iCi/ml (3.7 Bq/L). 
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TABLE 4-5 

CONCENTRATIONS8 OF TOTAL URANIUM, RADIUM-226, AND THORIUM-232 

IN SURFACE WATER IN THE VICINITY OF MSP, 1990 

Sampling Quarter 
Location13 1 ? Min Max Avg 

Total Uranium 

1 59 57 64 _ _ c 57 64 60 
2 <3 <3 <3 _ _ c 3 3 3 
3 <3 <3 <3 ' 2 d 

1.9 3 3 
4 <3 <3 <3 0. 3 d 

0.3 3 3 
5 <3 <3 <3 5 d 

3 5 4 

Radium-226 

1 1. 4 4 . 9 2.2 — — c 

.1.4 4 . 9 2.8 
2 <0. 1 0.5 0.2 0.1 0. 5 0. 3 
3 
A e 

0. 2 0.4 0.1 1.2 0.1 1. 2 0.5 
4 
c 

0. 3 0.3 0.4 0. 6 0.3 0. 6 0. 4 
5 0. 4 0.3 0.6 1.7 0.3 1. 7 0.8 

Thorium-232 f 

1 
o • 

— <0. 1 < 0 . l _ _ c 0.1 0. 1 0.1 
2 <0. 1 <0.1 _ _ c 0.1 0. 1 0.1 
3 -— <0. 1 <0.1 <0. 1 0.1 0. 1 0.1 
4 ~~ <0. 1 <0.1 <0 . 1 0.1 0 . 1 0.1 
5 <0. 1 <0 . 1 <0 . 1 0.1 0. 1 0.1 

"Concentrations are given i n units of E-9 jLiCi/ml. 
Note: 1E-9 /iCi/ml i s equivalent to 0.037 Bq/L." 

"Sampling locations are shown i n .Figure 4-3. 

cNo data available. 

3Total uranium concentration determined by summing the 
concentrations of uranium-234, uranium-235, and uranium-238-
a l l others determined by the fluorometric method. 

'Location 4,serves as a background monitoring location. 

Analysis for thorium-232 did not begin u n t i l second quarter. 
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The annual average concentration of thorium-232 at a l l 

monitoring locations was 0.1E-9 nc i /ml (4E-3 Bq/L). Thorium-232 

concentrations remained at background levels throughout the year 

and were well below the DCG of 50E-9 /iCi/ml (1.9 Bq/L). 

Trends 

Comparisons of annual average radionuclide concentrations 
measured i n surface water from 1986 through 1990 are presented i n 
Table 4-6. 

The expected value ranges shown are based on calcu l a t i o n of the 

standard deviation of the yearly means. The expected range 

provides a rough check on whether there are any trends present i n 

the data. I f the range varies a great deal from location to 

location, or i f a location consistently f a l l s outside the expected 

range, then a trend could be present. In general, the ranges were 

f a i r l y consistent between data sets and quarterly results f o r 1990 

f e l l w i t h i n the expected range of values. The exception was 

location 1, which had a r e l a t i v e l y large expected range; however, 

t h i s large range i s due to the higher average value and there i s no 

detectable trend. 

4.1.4 Sediment Monitoring 

Sediment monitoring i s conducted to determine whether 

contaminants are c o l l e c t i n g i n onsite and/or o f f s i t e sediment 

and to ensure compliance with environmental regulations. 

Program description 

Sediment samples were collected quarterly at the surface water 

sampling locations shown i n Figure 4-3. Sampling points were 

located upstream (location 4), to establish background conditions; 

onsite (location 5); and downstream (locations 1, 2, and 3), to 

determine the e f f e c t of the s i t e on the sediment i n the v i c i n i t y . 
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TABLE 4-6 

TREND ANALYSIS FOR TOTAL URANIUM, RADIUM-226, AND THORIUM-232 

CONCENTRATIONS3 IN SURFACE WATER AT MSP, 1986-1990 

Sampling Annual Average Concentration Average Standard Expected 
Location 1 3 1986 1987 1988 1989 1990 Value Deviation Range0 

Total Uraniumd 

1 56 54 47 34 60 50 10 30 - 71 
2 23 5 3 3 3 7 7 0 - 21 
3 21 3 4 5 3 7 7 0 - 21 
4 e 3 3 3 3 3 3 0 3 - 3 
5 3 3 4 3 4 3 0.5 2 - 4 

Radium-22 6 
1 2 . 2 1.7 2 . 0 1 .7 2.8 2 . 1 0.41 1.3 - 2.9 
2 1. 0 0.7 0.3 0 .6 0.3 0.6 0.3 0 - 1 
3 1.1 0.6 0.2 0 . 6 0.5 0.6 0.3 0 - 1 
4 e 0.2 0.7 0.2 1 .0 0.4 0.5 0.3 0 - 1 
5 0.5 0 . 7 0 . 3 0 .7 0.8 0.6 0.2 0.2 - 1 

Thorium-232 f 

1 — — — — 0.1 — — — 
2 -- — — — 0.1 — — — 
3 — — _ ' — 0.1 — — — 
4 e -- -- -- — 0.1 — — — 
5 — — — 0.1 — — 

e: Sources o f d a t a f o r 1986-1989 are t h e annual e n v i r o n m e n t a l r e p o r t s f o r t h o s e 
years (BNI 1987, 1988, 1989, 1990). 

Co n c e n t r a t i o n s are given i n u n i t s of E-9 /iCi/ml. Note: 1E-9 /iCi/ml i s e q u i v a l e n t 
t o 0.037 Bq/L. 

bSampling l o c a t i o n s are shown' i n Figure 4-3. 
cAverage value ±2 standard d e v i a t i o n s . 
d T o t a l uranium c o n c e n t r a t i o n s were determined e i t h e r by summing the i s o t o p i c a n a l y s i s 
r e s u l t s f o r uranium-234, uranium-235, and uranium-238 or by the f l u o r o m e t r i c method. 

eLocation 4 serves as a background m o n i t o r i n g s t a t i o n . 
fThorium-232 m o n i t o r i n g began i n second quarter 1990; no t r e n d a n a l y s i s can y e t be done. 



Sediment samples were analyzed for radium-226, thorium-232, and 

total uranium. Radium-226, thorium-232, and isotopic uranium were 

eluted in solution, organically extracted, electroplated to a 

stainless steel disc, and counted by alpha spectrometry. Total 

uranium concentrations were calculated by summing the results for 

the isotopic uranium analyses.' 

Currently, there are no DCGs f o r radionuclides i n sediment; 

therefore, sediment concentrations have been compared with FUSRAP 

s o i l guidelines (Appendix C). 

Data and discussion 

Table 4-7 presents 1990 concentrations of t o t a l , uranium, 

radium-22 6, and thorium-2 3 2 i n sediment. The annual average t o t a l ' 

uranium concentration was 0.7 pCi/g (0.03 Bq/g) at the upstream 

location and ranged from 1.5 to 11 pCi/g (0.06 to 0.41 Bq/g) at 

downstream locations. The onsite lo c a t i o n had an annual average 

value of 8.5 pCi/g (0.32 Bq/g). Total uranium levels remained 

close to background throughout the year, with the exception of 

third-quarter readings at locations 1 and 5. 

The annual average concentration of radium-226 was 0.7 pCi/g 

(0.03 Bq/g) at the upstream location and ranged from 0.8 to 

6.0 pCi/g (0.03 to 0.22 Bq/g) at downstream locations. The onsite 

location had an annual average of 5.3 pCi/g (0.2 Bq/g). Radium 

levels remained close to background throughout the year, with the 

exception of third-quarter readings at locations 1 and 5; a l l other 

radium-226 concentrations were below the FUSRAP s o i l guideline of 

5 pCi/g f o r the top 15 cm (6 in.) of s o i l . 

The annual average concentration of, thorium-232 i n sediment was 

0.7 pCi/g (0.03 Bq/g) at the upstream location and ranged from 

0.5 to 2.0 pCi/g (0.02 to 0.07 Bq/g) at downstream locations. The 

onsite location had an annual average value of 0.6 pCi/g 

(0.02 Bq/g). Thorium-232 levels remained close to background ~ 

throughout the year and were below the FUSRAP s o i l guideline. 



TABLE 4-7 

CONCENTRATIONS'1 OF TOTAL URANIUM, RADIUM-226, AND THORIUM-232 

IN SEDIMENT IN THE VICINITY OF MSP, 1990 

Sampling Quarter 
Location 1 3 l c 2 Min Max Avg 

Total Uraniumd 

1 
2 
3 
4 f 

5 

1 
2 
3 
4 f 

5 

1 
2 
3 
4 f 

5 

3. 2 18.8 9.7 3.2 18. 8 11 
— — 5. 4 1.9 NDe 

1.9 5. 4 3.7 
1. 1 2 . 0 1.3 1.1 2. 0 1.5 
0. 5 1 0 . 7 0.5 1 0.7 
2 . 9 18 4 . 6 2.9 18 8.5 

Radium- 226 

— 2 . 0 11 4 . 9 2 . 0 11 6 . 0 
3 0.7 ND 0.7 3 2 
1 0.7 0.7 0.7 1 0.8 
1 0.8 0.2 0. 2 1 0.7 
3 . 2 10 2.6 2.6 10 5.3 

Thorium--232 

— <2 0.6 0.3 0.3 2 1 
3 0.2 ND 0.2 3 2 

<1 0.3 0.3 0.3 1 0.5 
1. 2 0.6 0.3 0.3 1. 2 0.7 
1 0.5 0.3 0.3 1 0 . 6 

are given i n units of pCi/g. 
Note: 1 pCi/g i s equivalent t o 0.037 Bq/g. 

DSampling l o c a t i o n s are shown i n Figure 4-3. 

=Samples were not c o l l e c t e d during the f i r s t q uarter because the 
ground was frozen. 

a T o t a l uranium concentrations were determined by summing the 
concentrations of uranium-234, uranium-235, and uranium-238. 

eND - no data a v a i l a b l e . 

fLocation 4 serves as a background m o n i t o r i n g l o c a t i o n . 
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Trends 

Comparisons of annual average radionuclide concentrations 

measured i n sediment from 1986 through 1990 are presented i n 

Table 4-8. The expected values shown are based on calc u l a t i o n of 

the standard deviation of the- yearly means. The expected range 

provides a rough check on whether there are any trends present i n 

the data. I f the range varies a great deal from location to 

location, or i f a location consistently f a l l s outside the expected 

range, then a trend could be present. A l l annual average 

concentrations of radionuclides i n sediment i n 1990 f e l l w i t h i n the 

expected ranges and were comparable to concentrations t y p i c a l l y 

found i n f e r t i l i z e r s (Appendix F). Radium-226 and t o t a l uranium 

concentrations a l l o c a t i o n 1 ( o u t f a l l ) and location 5 ( s e t t l i n g 

basin) are dependent on area r a i n f a l l . At loc a t i o n 1, high flow 

rates at the o u t f a l l tend to wash out accumulations of sediment and 

carry then farther downstream. A special study has been 

implemented to investigate radionuclide migration i n t h i s area (see 

Subsection 3.4). Radioactivity appears to be increasing at 

location 5, probably due to r a i n f a l l washing s i t e sediment i n t o the 

s e t t l i n g basin. 

4.1.5 Groundwater Monitoring 

Groundwater monitoring i s conducted to provide information on 

pote n t i a l migration of contaminants through the groundwater system 

and to ensure compliance with environmental regulations. 

Program description 

The groundwater monitoring well system i s designed to provide 

s u f f i c i e n t coverage of both upgradient and downgradient aquifer 

conditions (Figure 4-4). The groundwater system at MSP consists of 

two systems, designated upper and lower. 'Groundwater flows from 

north to south i n the upper system; well 1 i s upgradient and 

wells 3 and 4 are downgradient. Groundwater flows from south to 
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TABLE 4-8 

TREND ANALYSIS FOR TOTAL URANIUM, RADIUM-226, AND THORIUM-232 

CONCENTRATIONS'1 IN SEDIMENT AT MSP, 1986-1990 

Page 1 of 2 

Sampling Annual Average Concentration Average Standard Expected 
Location 1 5 1986 1987 1988 1989 1990 Value Deviation Range0 

Total Uranium"1 

1 2 0 . 0 e 12 . 8 £ 7 . 1 13 . 5 1 0 . 6 13 4 . 7 3 . 6 - 22 
2 3 8 . 9 8 6 . 0 3 1 . 8 3 . 7 14 13 0 - 40 
3 8 . 5 5 . 8 9 . 7 1 2 . 6 1 . 5 7 . 6 3 . 8 0 - 15 
4 h 3 . 4 2 . 1 7 . 8 2 . 8 0 . 7 3 . 4 2 . 4 0 - 8 . 
5 2 . 2 8 2 . 6 3 . 4 8 . 5 4 . 2 2 . 5 0 - 9 . 

R a d i u m - 2 2 6 

1 1 2 . 8 6. 8 f 5 . 0 6 .4 6 . 0 7 . 6 3 . 1 1 .4 - 14 
2 2 7 . 0 8 1 .9 1 5 . 2 1 .9 6 . 3 6 . 3 0 - 19 
3 1 1 . 1 0 . 7 3 . 9 5 .4 0 . 8 4 .4 3 . 8 0 - 12 
4 h 1.1 0 . 7 2 . 0 1 .0 0 . 7 1 0 . 5 0 - 2 
5 1. 8 8 2 . 3 1 .8 5 . 3 2 . 8 1 . 5 0 - 5 . 8 

T h o r i u m - 2 3 2 1 

1 — — — 1 .0 
2 — — — 1 .6 - - — — 
3 - - - - — - - 0 . 5 ' — — 
4 h — - - — — 0 . 7 - - — — 
5 — — — — 0 . 6 — — — 

Note: Sources of 1986-1989 data are the annual environmental r e p o r t s f o r those 
years (BNI 1987, 1988, 1989, 1990). 

Note: 1 pCi/g i s e q u i v a l e n t t o 0.037 Bq/g. 

Con c e n t r a t i o n s are given i n u n i t s of pCi/g. 
bSampling l o c a t i o n s are shown i n Figure 4-3. 



TABLE 4-8 

(continued) 

Page 2 of 2 

'Average value ±2 standard d e v i a t i o n s . 

d T o t a l uranium c o n c e n t r a t i o n s were determined by summing the concentrations o f 
uranium-234, uranium-235, and uranium-238. 

eNo sediment present d u r i n g the second, t h i r d , and f o u r t h q u a r t e r s . 

fFrozen i n the f i r s t q u a r t e r ; no sediment present during the second and f o u r t h 
q u a r t e r s . 

8No sediment present a t t h i s l o c a t i o n i n 1987. 

''Location 4 serves as a background mon i t o r i n g l o c a t i o n . 

'Thorium-232 sampling began i n 1990; inadequate data f o r t r e n d a n a l y s i s . 
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NOTE: LOCATION 17 (BACKGROUND) IS AT THE MIOOLESEX 
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(0.5 Mil NORTHWEST Of MSP. 
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STORAGE PILE FSCM MSP PHASES i AND II CLEANUP 

118F012.DGN F3 

Figure 4-4 
Groundwater Wells Monitored for Radiological and Chemical 

Contamination at MSP in 1990 
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northeast i n the lower groundwater system; w e l l s 3A and 4A are 

upgradient and 21D and 22D are downgradient. Samples from 

upgradient w e l l s are used t o establish.background c o n d i t i o n s , and 

downgradient w e l l samples determine the e f f e c t of the s i t e on 

groundwater i n the v i c i n i t y . 

Q u a r t e r l y groundwater samples were analyzed f o r radium-226, 
thorium-232, and t o t a l uranium i n the same manner as surface water 
samples. 

Data and discussion 

Table 4-9 presents 1990 concentrations of t o t a l uranium, 

radium-226, and thorium-232 i n groundwater. Annual average', 

concentrations of t o t a l uranium ranged from 3.1E-9 t o 

17.7E-9 MCi/ml (0.11 to 0.655 Bq/L) at upgradient l o c a t i o n s and 

from 3E-9 t o 5.2E-9 MCi/ml (0.11 t o 0.19 Bq/L) a t downgradient 

l o c a t i o n s . T o t a l uranium concentrations were close t o background 

l e v e l s and a l l were below the DCG of 600E-9 /xCi/ml (22 Bq/L). 

Well 5 i s i n s t a l l e d i n an area known t o be contaminated; a f t e r the 

w e l l was cleaned out i n mid-1990, uranium concentrations decreased 

s i g n i f i c a n t l y . 

Annual average radium-226 concentrations ranged from 0.5E-9 t o 

0.7E-9 MCi/ml (0.02 t o 0.03 Bq/L) a t upgradient l o c a t i o n s and from 

0.4E-9 t o 1.2E-9 MCi/ml (0.02 t o 0.044 Bq/L) at downgradient 

l o c a t i o n s . Radium-226 concentrations were close t o background 

l e v e l s and below the DCG of 100E-9 /iCi/ml (3.7 Bq/L). 

Annual average thorium-232 concentrations ranged from 0.2E-9 t o 

0.3E-9 MCi/ml (7E-3 t o 11E-3 Bq/L) at upgradient and downgradient 

l o c a t i o n s . Thorium-232 concentrations were close t o background 

l e v e l s and below the DCG of 50E-9 /iCi/ml (1.9 Bq/L). 

Trends 

Comparisons of annual average r a d i o n u c l i d e concentrations i n 

groundwater measured from 1986 through 1990 are' presented i n 

Table 4-10. The expected value ranges shown are based on 
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TABLE 4-9 

CONCENTRATIONS8 OF TOTAL URANIUM, RADIUM-226, AND THORIUM-232 
IN GROUNDWATER IN THE VICINITY OF MSP, 1990 

Page 1 of 2 

Sampling 
Location 1 3 

Quarter 
Min Max Avg 

Total Uranium0 

i 

1A 
3 
3A 
4 
4A 
5 
9 
11 
12 
13 
14 
15 
20D 
20S 
21D 
21S 
22D 
23D 
MML-17 e 

1 
1A 
3 . 
3A 
4 
4A 
5 
9 
11 
12 
13 
14 
15 
20D 
20S 
21D 

5.4 12.2 <3 . 4 <3 .4 3 . 4 12. 2 6. 1 
12.9 10.2 8 . 8 4 . 0 4 . 0 12. 9, 9 . 0 
2.4 <3 . 4 <3 . 4 <3 . 4 2. 4 3 . 4 3 . 1 
2 . 2 <3 .4 <3.4 <3 . 4 2. 2 3 . 4 3 . 1 
5.4 8.1 <3 . 4 4 . 0 3 . 4 8. 1 5. 2 

34.7 14.2 8 . 8 13 .2 8 . 8 34. 7 17 . 7 
— _ - 230.2 _ _ d 16 . 7 16. 7 230. 2 12*3 

7 

3 . ^ 43.3 <3 . 4 <3 . 4 3 . 3 43 . -> ~J 13 . 
19 . 8 59 . 0 '- — 3 — d 

19 . 8 69 . 0 4 1 . 4 
16.5. 10 . 8 <3 . 4 10 . 7 3.. 4 16. 5 10 
5 . 4 13 .5 6.1 

d 
<3 . 4 

-4 

3. 4 13 . 5 7 . 1 

8.. 8 <3 . 4 <3.4 <3 . 4 3 . 4 8 . 8 4 . 7 
2 . 7 <3 . 4 <3.4 <3 . 4 2 . 7 3 . 4 "^3 . 2 
3.2 <3.4 <3 . 4 0.2 0 . 2 3.4 3 
3 . 2 <3 . 4 <3.4 2 . 1 2 . 1 3 . 4 3 . 0 
3.3 <3 . 4 <3 . 4 <3 . 4 3 . 3 3 . 4 3 .4 
5.4 <3 . 4 <3.4 d 3 . 4 5.4 4 . 0 
5.4 <3 . 4 <3 . 4 <3 . 4 3 . 4 5.4 3 . 9 

<3 . 4 <3 . 4 <3 . 4 <3 . 4 3 . 4 3 . 4 3.4 

Radium-22 6 

0 . 2 0.6 0 . 5 0.6 0.2 0 . 6 0 . 5 
0.1 0 . 3 0.9' 0 . 2 0.1 0.9 0 . 4 
2 . 1 0 . 1 0.7 0.7 0.1 . 2 . 1 0.9 
0 . 8 0 . 2 0.4 0.5 0.2 0 . 8 0.5 
2 . 8 0 . 2 0.5 1.3 0.2 2.8 1.2 
1.5 ' .0.2 0.5 0.4 0.2 1.5 0.7 
— — - 0 .2 d 0.3 0 . 2 0.3 0.3 

2 . 0 1. 7 1.2 4 .6 1.2 4 . 6 2 . 4 
3 . 9 0 . 5 d d 0.5 3.9 . 2 . 2 
3 . 2 0.2 0.6 5.3 0.2 5.3 2 . 3 
0. 1 0 .3 0 . 5 

d 
. 0.4 

d 
0.1 0.5 0.3 

0.2 0 . 6 0 . 7 0.6 • 0 . 2 0 . 7 . 0.5 
1.0 0 . 4 0.4 0 . 4 0.4 1.0 0 . 6 
1. 0 0.2 0.5 <0 . 1 0.1 1.0 0.5 
0.7 <0 . 1 0.4 0.3 0.1 0 . 7 0.4 

5 3 
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TABLE 4-9 

(continued) 

Sampling 
Location b 

1 2 3 4 Min Max Avg 

Radium-226 (cont'd) 

1.3 0.1 0.4 0.4 0.1 1.3 0. 6 
0.2 0.5 0.5 . a 0.2 0.5 0.4 
0. 1 0.5 0.6 0.5 0.1 0.6 0.4 
0.1 0.3 0.7 0.6 • 0.1 0.7 0.4 

2 IS 
22D 
23D 
MML-17* 

Thorium-2 32 

1 —- <0 . 1 <0 . 3 0 . 1 0 . 1 0 . 3 o . 2 
1A 
3 

<0 . 1 <0 . 1 <0 . 1 0 . 1 0 . 1 0 . 1 1A 
3 0 . 3 — - <0 . 1 .0 . 1 0 . 1 0 o . 2 
3 A <0 . 2 0 . 3 <0 . 5 0 . 1 0 1 0 . 5 o . 3 
4 <0 .2 <0 . 1 <0 . 1 0. 6 0 1 0 . 6 o . 3 
4 A 
5 

0 . 4 . 
__d 

<0 
0 

1 
1 

<0 . 3 
d 

<0 . 
<0. 

1 
1 

0 
0 

1 
1 

0 
0 
. 4 
1 

0 
0 
.2 
. 1 

9 <0 . 2 <0 1 <0 1 <0 . 1 0 1 0 2 o 1 
11 
12 
13 
14 

0 4 <0. 1 d _ d 0. 1 0 4 0 
» -1. 

3 
11 
12 
13 
14 

0 9 <0. 1 <0. 1 2 . 7 0. 1 " 2 7 1 0 

11 
12 
13 
14 d 

0. 1 
d 

<0. 7 
d 

<0. 1 
_ d 

0. 1 0 7 0 3 

15 f <0. 1 <0. 1 <0. 1 0. 1 0 . 1 0. 1 
20D <0. 2 <0. 1 <0 . 1 <0. 1 0 . 1 0 . 2 0. 1 
20S 0. 3 <0. 1 <0 . 2 <0 . 3 0. 1 0 . 3 0 . 2 
21D <0. 2 <0. 1 <0 . 2. <0 . 1 0 . 1 0 . 2 0 . 2 
21S 0. 2 <0. 1 <0. 1 <0 . 1 0 . 1 0 . 2 0. 1 
22D - —- <0. 1 <0 . 3 ND 0 . 1 0 . ~i 0 . 2 
23D 

• — -
<0. 1 <0 . 1 0 . 1' 0 . 1 0 . 1 0. 1 

MML-17 e 

• —-
<0. 1 <0. 1 0 . 1 0 . 1 0 . 1 0. 1 

'Concentrations are given i n u n i t s of E-9 uCi/ml. 
Note: 1E-9 f i C i / m l i s equ i v a l e n t t o 0.037 Bq/L. 

Sampling l o c a t i o n s are shown i n Figure 4-4. 
c T o t a l uranium concentrations were determined e i t h e r by summing 
the i s o t o p i c analysis r e s u l t s f o r uranium-234, uranium-235 and 
uramum-238 or by f l u o r o m e t r i c a n a l y s i s . ' 

[Well d i d not recover s u f f i c i e n t l y t o be sampled a f t e r purging 
-Background w e l l located a t the Middlesex Municipal L a n d f i l l 
Middlesex, NJ', 0.8 km (0.5 mi) northwest of MSP. Reinstated 
i n October 1988. 

:No data a v a i l a b l e . 



TABLE 4-10 

TREND ANALYSIS FOR TOTAL URANIUM, RADIUM-226, AND THORIUM-232 

CONCENTRATIONS3 IN GROUNDWATER AT MSP, 1986-1990 
Page 1 of 3 

Sampling —Annual Average Concentration Average Standard Expected 
Location' 1986 1987 1988 1989 1990 Value Deviation Range0 

Total Uranium*1 

1 3 3 12 4 6 6 3 0 - 1 2 
1A 8 9 9 9 9 9 0.4 8 - 1 0 
3 2 1 3 3 3 2 0.8 0.4 - 4 
3A 8 6 12 5 3 7 3 1 - 1 3 
4 e 1 7 6 5 5 2 1 - 9 
4A 12 13 20 17 18 16 3 . 0 10 - 22 
5 20 82 192 131 123 110 57 0 - 220 
9 3 2 5 4 13 5 4 0 - 1 0 
11 143 20 67 42 41 63 43 0 - 150 
12 2 1 7 7 10 5 3 0 - 1 0 
13 3 3 5 3 7 4 2 0 - 8 
14 3 3 e 3 _ _ e 3 0 3 - 3 
15 3 3 4 4 5 4 0.8 2 - 6 
20D 2 2 3 2 3 2 0.5 1 - 3 
20S 1 1 4 2 3 2 1 0 - 4 
21D 2 2 3 3 3 3 0.5 2 - 4 
21S 1 0.4 2 1 3 2 1 0 - 4 
22D 3 3 3 3 4 3 0.4 2 - 4 
23D 3 3 4 3 4 3 0.5 2 - 4 
MML-17£ 3 3 3 4 3 3 . 2 0.4 2.4 - 4.0 

Radium-226 

1 0.2 0.3 0 . 3 0.9 0.5 0.4 0.3 0 - 1 
1A 0.3 0.3 0.3 0.7 0.4 0.4 0.2 0 - 0.8 
3 0.7 0.3 1.2 1.6 0.9 0.9 0.4 0.1 - 2 
3A 0.5 0.5 0.9 1.0 0.5 0.7 0.2 0.3 - 1 



TABLE 4-10 

(continued) 

Page 2 of 3 

Sampling Annual Average Concentration Average Standard Expected 
Location' 3 1986 1987 1988 1989 1990 Value Deviation Range0 

Radium-22 6 (cont'd) 

4 e 0.4 2 . 0 2 . 1 1.2 1 0.7 0 - 2 
4A 0. 5 0.6 1. 0 0.9 0.7 0.7 0.2» 0.3 - 1 
5 0.4 0 . 6 2 . 4 2.4 0.3 1 1 0 - 3 
9 0.8 0.8 2 . 8 7.0 2.4 3 2 0 - 7 
11 0.6 0.5 4 . 1 4.7 2.2 2 2 0 - 6 
12 0.3 0.3 2 . 3 2.2 2.3 2 1 0 - 4 
13 0.2 0.4 0.3 0.7 0.3 0.3 0.2 0 - 0.7 
14 0.1 0.1 e 1.0 a 0.4 0.4 0 - 1 
15 0.2 0.3 0.4 0.8 0.5 0.4 0.2 0 - 0.8 
20D 0.5 0.3 0.8 0.8 0.6 0.6 0.2 0.2 - 1 
20S 0.5 0.3 1.1 0.7 0.5 0.6 0.3 0 — 1 
21D 0.4 0.4 0.9 0.7 0.4 0.6 0.2 0.2 - 1 
21S 0.5 0.4 0.7 0.9 0.6 0.6 0.2 0.2 - 1 
22D 0.3 0.4 0.3 0.7 0.4 0.4 0.2 0 - 0.8 
23D 0.3 0.3 0.3 0.6 0.4 0.4 0.1 0.2 - 0.6 
MML-17£ 0.1 0.2 0.7 0.7 0.4 0.4 0.3 0 - 1 

Thorium-2328 

l 
1A 
3 
3A 
4 . 
4A 
5 
9 
11 
12 

0.2 
0.1 
0.2 
0.3 
0.3 
0.2 
0.1 
0.1 
0.3 
1.0 



TABLE 4-10 

(continued) 

Page 3 of 3 

Sampling Annual Average Concentration Average Standard Expected 
Location" 1986 1987 1988 1989 1990 Value Deviation Range0 

Thorium-232 8 (cont'd) 

13 — — -- — 0.3 

15 — — — -- 0.1 
20D -- — — — 0.1 
20S — — — — 0.2 
21D — — -- — 0.2 
21S — -- — — 0.1 
22D — — — — 0.2 
23D — — — — . 0.1 
MML-17£ — — — — 0.1 

Note: Sources of 1986-1989 are the annual environmental r e p o r t s f o r those years 
(BNI 1987, 1988, 1989, 1990). 

C o n c e n t r a t i o n s are given i n u n i t s of E-9 /xCi/ml. Note: 1E-9 /iCi/ml i s e q u i v a l e n t 
t o 0.037 Bq/L. 

"Sampling l o c a t i o n s are shown i n Figure 4-4. 
cAverage value ±2 standard d e v i a t i o n s . 
dTotal uranium concentrations were determined either by summing the isotopic a n a l y s i s 
r e s u l t s for uranium-234, uranium-235, and uranium-238 or fluorometric anal y s i s . 

eWell d i d not recover s u f f i c i e n t l y t o be sampled a f t e r purging i n a l l f o u r q u a r t e r s . 
background w e l l l o c a t e d a t the Middlesex Municipal L a n d f i l l , Middlesex, NJ, 0.8 km 
(0.5 mi) northwest of MSP. Reinstated i n October 1988. 

8Thorium sampling began i n 1990; inadequate data f o r tren d a n a l y s i s . 



c a l c u l a t i o n of the standard d e v i a t i o n of t h e y e a r l y means. The 

expected range provides a rough check on whether t h e r e are any 

trends present i n the data. I f the range v a r i e s a great deal from 

l o c a t i o n t o l o c a t i o n , or i f a l o c a t i o n c o n s i s t e n t l y f a l l s outside ' 

the expected range, then a t r e n d could be present. Annual averages 

f o r 1990 tended t o f a l l w i t h i n the expected ranges, i n d i c a t i n g an 

absence of tre n d s . No t r e n d a n a l y s i s was conducted f o r thorium-232 

because sampling was i n i t i a t e d i n 1990 and the r e i s i n s u f f i c i e n t 

i n f o r m a t i o n a v a i l a b l e t o conduct a t r e n d a n a l y s i s . 

4.2 POTENTIAL DOSE TO THE PUBLIC 

This s e c t i o n contains i n f o r m a t i o n on exposures t o the general 

p u b l i c and the h y p o t h e t i c a l maximally exposed i n d i v i d u a l from the 

r a d i o a c t i v e m a t e r i a l s at MSP. As expected f o r a r e l a t i v e l y s t a b l e 

s i t e such as MSP, a l l c a l c u l a t e d doses were below the DOE 

g u i d e l i n e s . Doses t o the general p u b l i c can come from e i t h e r 

e x t e r n a l or i n t e r n a l exposures. Exposures t o r a d i a t i o n from 

r a d i o n u c l i d e s outside the body are c a l l e d e x t e r n a l exposures; 

exposures t o r a d i a t i o n from r a d i o n u c l i d e s deposited i n s i d e the body 

are c a l l e d i n t e r n a l exposures. The d i s t i n c t i o n i s important 

because e x t e r n a l exposures occur only when a person i s near the 

ex t e r n a l r a d i o n u c l i d e s , but i n t e r n a l exposures continue as long as 

the r a d i o n u c l i d e s reside i n the body. 

To assess the p o t e n t i a l h e a l t h e f f e c t s of the m a t e r i a l s stored 

at MSP, r a d i o l o g i c a l exposure pathways were evaluated and r a d i a t i o n 

doses were c a l c u l a t e d f o r a h y p o t h e t i c a l maximally exposed 

i n d i v i d u a l and f o r the pop u l a t i o n w i t h i n SO km (50 mi) of the s i t e . 

The combined e f f e c t from a l l the pathways from a l l DOE sources can 

then be compared w i t h the DOE g u i d e l i n e s . The_pathways considered 

are surface water, groundwater, a i r , and d i r e c t exposure. 

Exposures from radon and radon daughters are not considered i n 

these c a l c u l a t i o n s because radon exposure i s c o n t r o l l e d through 

compliance w i t h boundary co n c e n t r a t i o n requirements (Appendix B). 

A l l doses presented i n t h i s s e c t i o n are estimated and do not 

represent a c t u a l doses. A summary i s provided i n Table. 4-11. 
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TABLE 4-11 

SUMMARY OF CALCULATED DOSES* FOR MSP, 1990 

Type 

Dose to Hypothetical Maximally 
Exposed Individual 

(mrem/yr)b 

C o l l e c t i v e Dose f o r 
Population W i t h i n 80 km 

of F a c i l i t y 
(person-rem/yr) b 

D i r e c t gamma r a d i a t i o n 1 

2.6 d 

Drinking Water d 
d 

I n g e s t i o n _ _ d 
d 

A i r immersion d 
d 

I n h a l a t i o n ' 0.0034 0.28 

To t a l 2.6 0.28 

Background 5 

DOE guideline 1 5 

64 

100 

9.6E+59 

Percent of g u i d e l i n e 
(excluding background) 

2.6 _ i 

'Does not include radon. 

bl mrem/yr = 0.01 mSv/yr; 1 person-rem/yr = 0.01 person-Sv/yr. 

cDoes not include c o n t r i b u t i o n from background. 

aNo c r e d i b l e exposure pathway i d e n t i f i e d . 

'Calculated using EPA's AIRD0S modei (Version 3.0). 

"Direct: gamma exposure only. 

'Calculated by the f o l l o w i n g : 64 mrem/yr x 15E+6 people. 

hSource: DOE 1990b. 

'No DOE g u i d e l i n e . 
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4.2.1 Maximally Exposed Individual 

The hypothetical maximally exposed i n d i v i d u a l i s assumed to be 

an i n d i v i d u a l who liv e s 10 m (30 f t ) from the s i t e ; using t h i s 

assumption, the following doses have been calculated. 

Direct exposure 

The calculated yearly dose to a person spending 8 0 percent of 

his time at a residence 3 0 m (100 f t ) from the western boundary of 

the s i t e was determined by using the average of the annual average 

values for the TETLDs along the western boundary (TETLDs 11, 13, 

and 16). The average exposure rate was 7 5 mR/yr above background 

(Table 4-3) at t h i s s i t e boundary. This dose i s determined using 

the equation given in Appendix B f o r d i r e c t exposure. The 

calculated dose received by the hypothetical maximally exposed 

indivi d u a l from exposure to gamma rad i a t i o n was 2.6 mrem/yr 

(0.026 mSv/yr), well below the DOE guideline of 100 mrem/yr. This 

i s an extremely conservative approach because i t i s u n l i k e l y that 

an i n d i v i d u a l would be on the property 80 percent of the time and 

the calc u l a t i o n does not account f o r any shielding provided by the 

house. 

Drinking water pathway 

Only one pathway, either groundwater or surface water, i s used 

to determine the hypothetical maximally exposed individual's 

committed dose/ Maximally exposed individuals would obtain 

100 percent of t h e i r drinking water from either surface water or 

groundwater i n the v i c i n i t y of the s i t e . 

Concentrations of t o t a l uranium, radium-226, and thorium-232 i n 

o f f s i t e groundwater are barely detectable above normal background. 

Because there are no wells i n the immediate v i c i n i t y of the s i t e 

that are used f o r drinking purposes, groundwater i s not a credible 

exposure pathway; therefore, the dose contribution of these 

radionuclides to the maximally exposed in d i v i d u a l was not 
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c a l c u l a t e d . There was also no c r e d i b l e exposure from surface water 

because r a d i o n u c l i d e concentrations upstream and downstream a t MSP 

on Main Stream are e s s e n t i a l l y e q u i v a l e n t . 

Air pathway 

The h y p o t h e t i c a l maximally exposed i n d i v i d u a l would work 

adjacent t o and l i v e near the s i t e throughout the year. A i r doses 

determined using version 3.0 of EPA's AIRDOS model were found t o be 

n e g l i g i b l e [0.0034 mrem/yr (3.4E-5 mSv/yr) ].. This dose i s w e l l 

below the 10 mrem/yr (0.01 mSv/yr) l i m i t given i n 40 CFR Part 61 

Subpart H. The 1989 AIRDOS compliance r e p o r t i s provided i n 

Appendix H; the appendix also gives the c a l c u l a t e d amount of each 

primary r a d i o n u c l i d e of concern released t o the a i r i n 1990. 

Tot a l dose 

The t o t a l dose f o r the h y p o t h e t i c a l maximally exposed 

i n d i v i d u a l would be the sum of the doses c a l c u l a t e d f o r each 

exposure pathway. When these doses are added together, the t o t a l 

dose i s 2.6 mrem/yr (0.26 mSv/yr) f o r the h y p o t h e t i c a l maximally 

exposed i n d i v i d u a l . This dose i s comparable t o the dose an 

i n d i v i d u a l would receive from a r o u n d - t r i p cross-country f l i g h t 

from New York C i t y to Los Angeles because of greater amounts of 

cosmic r a d i a t i o n at higher a l t i t u d e s (Appendix F). 

4.2.2 Population Dose 

The c o l l e c t i v e dose t o the general p o p u l a t i o n l i v i n g w i t h i n 

10 km (50 mi) of the s i t e i s c a l c u l a t e d as f o l l o w s . 

D i r e c t exposure 

MSP i s located i n an i n d u s t r i a l area and thus i s remote f 

the general p o p u l a t i o n . Both distance from the s i t e and 
rom 
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i n t e r v e n i n g s t r u c t u r e s reduce d i r e c t gamma exposure from MSP (see 

Table 4-12). Therefore, i t i s assumed t h a t t h e r e i s no detectable 

exposure f o r the general p o p u l a t i o n . 

Drinking water pathway 

Because the radionuclides were found i n low concentrations i n 

both groundwater and surface water and no c r e d i b l e exposure 

scenario was i d e n t i f i e d f o r the h y p o t h e t i c a l maximally exposed 

i n d i v i d u a l , the c o l l e c t i v e p o p u l a t i o n dose from d r i n k i n g water i s 

i n s i g n i f i c a n t compared w i t h other pathways. 

A i r 

The AIRDOS model provides an e f f e c t i v e dose equ i v a l e n t f o r 

contaminants transported v i a the atmospheric pathway at d i f f e r e n t 

distances from the s i t e (Table 4-12). The c o l l e c t i v e dose f o r the 

general p o p u l a t i o n w i t h i n 80 km (50 mi) of MSP was c a l c u l a t e d using 

these e f f e c t i v e dose equivalents and the p o p u l a t i o n d e n s i t y . The 

c a l c u l a t e d c o l l e c t i v e p o p u l a t i o n dose was .0.28 person-rem/yr 

(0.0028 person-Sv/yr). 

T o t a l population dose 

The t o t a l population dose i s the sum of the doses from a l l 

exposure pathways. Because the only pathway w i t h a major p o t e n t i a l 

c o n t r i b u t i o n t o the c o l l e c t i v e p o p u l a t i o n dose i s the atmosphere, 

the t o t a l p o p u l a t i o n dose i s equal t o t h a t c a l c u l a t e d f o r the 

atmospheric pathway [0.28 person-rem/yr (0.0028 person-Sv/yr)]. 
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TABLE 4-12 

MAXIMUM EFFECTIVE DOSE TO THE GENERAL PUBLIC 

FROM MSP, 1990 

Distance from the Ef f e c t i v e Dose Equivalent Population Dose 
S l t e ( m> (mrem/yr) a-b (person-rem/yr) c-d 

0 - 1, 000 3 .4E-3( 

1,000 - 3,000 . 3.8E-4 

3,000 - 10,000 5.8E-5 

10,000 - 80,000 9.2E-6 

0.013 

0.012 

0.021 

0.23 

T o t a l Dose 0.28 

"To be conservative, the e f f e c t i v e dose equivalent used f o r each 
range was t h a t f o r the distance c l o s e s t t o the s i t e . DOE DCG i s 
100 mrem/yr above background. 

bValues v/ere obtained using AIRDOS (Appendix B). 

CA population d e n s i t y of 10,000 person/mi 2 (3.9E-3 person/m 2) 
was used i n the c a l c u l a t i o n . 

C a l c u l a t e d using: 
Population dose = population d e n s i t y x II x [ ( o u t e r r a d i u s ) 2 -
(inner r a d i u s ) 2 ] x e f f e c t i v e dose eq u i v a l e n t . 

' E f f e c t i v e dose equivalent f o r 300 m. 
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5.0 NONRADIOLOGICAL ENVIRONMENTAL PROGRAM 

Nonradiological environmental m o n i t o r i n g systems a t MSP include 

surface water, sediment, and groundwater m o n i t o r i n g . The 

monitoring systems include o n s i t e , s i t e boundary, and o f f s i t e 

s t a t i o n s t o provide s u f f i c i e n t i n f o r m a t i o n on the s i t e ' s p o t e n t i a l 

e f f e c t s on human he a l t h and the environment. N o n r a d i o l o g i c a l 

parameters are monitored as s p e c i f i e d by EPA; DOE d i r e c t i v e s ; and 

f e d e r a l , s t a t e , and l o c a l s t a t u t e s , r e g u l a t i o n s , and requirements 

ap p l i c a b l e t o DOE. MSP i s not an a c t i v e s i t e ; t h e r e f o r e , the only 

" e f f l u e n t s " would be contaminant m i g r a t i o n . 

5.1 SURFACE WATER MONITORING 

Nonradiological surface water m o n i t o r i n g i s conducted mainly t o 

determine whether r u n o f f from MSP c o n t r i b u t e s t o surface- water 

contamination i n the area. 

5.1.1 Program D e s c r i p t i o n 

The n o n r a d i o l o g i c a l surface water m o n i t o r i n g program a t MSP was 

i n i t i a t e d i n the t h i r d quarter of 1990. Samples were c o l l e c t e d 

from the same l o c a t i o n s as those f o r the r a d i o l o g i c a l surface water 

monitoring system (Figure 4-3); see Subsection 4.1.3. 

Surface water samples were analyzed q u a r t e r l y f o r i n d i c a t o r 

parameters; metals analysis began d u r i n g t h i r d - q u a r t e r sampling. 

I n a d d i t i o n , samples were c o l l e c t e d and analyzed f o r v o l a t i l e and 

s e m i v o l a t i l e organic compounds durin g the t h i r d q u a r t e r . 

I n d i c a t o r parameters include pH, s p e c i f i c conductance, TOC, and 

TOX. As the name implies, i n d i c a t o r parameters are gross 

i n d i c a t o r s of the presence of contaminants and major changes i n 

water chemistry. S p e c i f i c conductance and pH provide an i n d i c a t i o n 

of the inorga n i c composition of water. S p e c i f i c conductance 

measures the capacity of water t o conduct an e l e c t r i c a l c u r r e n t 

and, g e n e r a l l y , increases w i t h elevated c o n c e n t r a t i o n s of di s s o l v e d 

s o l i d s or s a l i n i t y . A c i d i t y or a l k a l i n i t y of the water i s 
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expressed as pH; a change i n pH a f f e c t s t h e s o l u b i l i t y and m o b i l i t y 

of chemical contaminants. TOC and TOX i n d i c a t e organic content: 

TOC measures the t o t a l organic content of t h e water but i s not 

s p e c i f i c t o a given organic contaminant, and TOX measures organic 

compounds c o n t a i n i n g halogens (e.g., halogenated hydrocarbons). 

Table 5-1 l i s t s the v o l a t i l e and s e m i v o l a t i l e organic compounds 

analyzed f o r d u r i n g t h i r d q u a r t e r 1990. Metal ions are normal 

c o n s t i t u e n t s of groundwater? however, the presence of very high 

concentrations of t o x i c heavy metals associated w i t h the m a t e r i a l s 

stored a t MSP could i n d i c a t e an impact r e s u l t i n g from s i t e 

a c t i v i t i e s . Table 5-2 l i s t s the metals f o r which surface water a t 

MSP i s analyzed. 

5.1.2 Data and Discussion 

A n a l y t i c a l r e s u l t s f o r i n d i c a t o r parameters show t h a t the 

surface water i s of somewhat b e t t e r q u a l i t y than might be expected 

i n s i m i l a r areas of mixed r e s i d e n t i a l / c o m m e r c i a l establishments. 

As shown i n Table 5-3, the average s p e c i f i c conductance ranged from 

8 0 t o 24 0 Mmhos/cm and pH v a r i e d from 6.9 t o 7.4. Average TOC 

l e v e l s v a r i e d from 3.0 t o 26 mg/L, and TOX l e v e l s ranged from 27 t o 

70 /ig/L (Table 5-4) . 

Organic sampling showed very l i t t l e contamination of surface 

water w i t h v o l a t i l e compounds and no contamination w i t h 

s e m i v o l a t i l e compounds. Table 5-5 l i s t s the v o l a t i l e and v 

s e m i v o l a t i l e compounds detected i n surface water at MSP. 

Chloroform was the only v o l a t i l e found above l a b o r a t o r y d e t e c t i o n 

l i m i t s and was only detected i n one l o c a t i o n ( a t 5 Mg/L). Because 

methylene c h l o r i d e , chloroform, and bromodichloromethane were found 

in-blanks associated w i t h surface water a n a l y s i s , t h e i r presence i s 

a t t r i b u t e d t o l a b o r a t o r y contamination. 

Concentrations of metals detected i n surface water at MSP 

during 1990 are presented i n Table 5-6.. Only boron, calcium, 

magnesium, manganese, sodium, and zinc were detected w i t h 

r e g u l a r i t y . Boron and manganese, found i n a l l l o c a t i o n s , ranged 
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TABLE 5-1 

REPORTING LIMITS FOR ORGANIC CHEMICAL ANALYSES 

OF SURFACE WATER AND GROUNDWATER 

AT MSP DURING THIRD QUARTER 1990 

Page l of 3 

Compound 
Reporting L i m i t 

(Mg/L) 

V o l a t i l e Organic Compounds 

Chioromethane 
Bromomethane 
V i n y l c h l o r i d e 
C h l o r o e t h a n e 
Methylene c h l o r i d e 
Acetone 
Carbon d i s u l f i d e 
1 t 1 - d i c h l o r o e t h e n e 
1.1- d i c h l o r o e t h a n e 
1.2- d i c h l o r o e t h e n e ( t o t a l ) 
C h l o r o f o r m 
1,2-dichloroethane 
2-butanone 
1.1.1- t r i c h l o r o e t h a n e 
Carbon t e t r a c h l o r i d e 
V i n y l a c e t a t e 
Bromodichloromethane 
1 , 2 - d i c h l o r o p r o p a n e 
C i s - 1 , 3 - d i c h l o r o p r o p e n e 
T r i c h l o r o e t h e n e 
Dibromochloromethane 
1.1.2- t r i c h l o r o e t h a n e 
Benzene 
T r a n s - l , 3 - d i c h l o r o p r o p e n e 
Bromoform 
4-methyl 1-2-pentanone 
2-hexanone 
T e t r a c h l o r o e t h e n e 
1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e 
Toluene 
Chlorobenzene 
Ethylbenzene 
S t y r e n e 
Xylene ( t o t a l ) 

10 
10 
10 
10 
3 

10 
5 
5 
5 
5 
5 
5 

10' 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
5 
5 
5 
5 
5 
5 
5 

i 
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Page 2 o f 3 

TABLE 5-1 

(cont inued) 

Compound R e p o r t i n g L i m i t 
(/xg/L) 

Semivolat i le Organic Compounds 

Phenol 
B i s ( 2 - c h l o r o e t h y l ) e t h e r 
2-chlorophenol 
1.3- dichlorobenzene 
1.4- d i c h l o r o b e n z e n e 
Benzyl a l c o h o l 
1,2-dichlorobenzene 
2-methylphenol 
B i s ( 2 - c h l o r o i s o p r o p y l ) e t h e r 
4-methylphenol 
N - n i t r o s o - d i - n - p r o p y l a m i n e 
Hexachloroethane 
N i t r o b e n z e n e 
Isophorone 
2 - n i t r o p h e n o l 
2 , 4 - d i m e t h y l p h e n o l 
Benzoic a c i d 
B i s ( 2 - c h l o r o e t h o x y ) m e t h a n e 
2 , 4 - d i c h l o r o p h e n o l 
1.2.4- t r i c h l o r o b e n z e n e 
Naphthalene 
4 - c h l o r o a n i l i n e 
H e x a c h l o r o b u t a d i e n e 
4 - c h l o r o - 3 - m e t h y l p h e n o l 
2-methylnaphthalene 
H e x a c h l o r o c y c l o p e n t a d i e n e 
2 , 4 , 6 - t r i c h l o r o p h e n o l 
2.4.5- t r i c h l o r o p h e n o l 
2 - c h l o r o n a p h t h a l e n e 
2- n i t r o a n i l i n e 
D i m e t h y l p h t h a l a t e 
Acenaphthylene 
2 , 6 - d i n i t r o t o l u e n e 
3- n i t r o a n i l i n e 
Acenaphthene 
2 , 4 - d i n i t r o p h e n o l 
4- n i t r o p h e n o l 
D i b e n z o f u r a n 
2 , 4 - d i n i t r o t o l u e n e 
D i e t h y l p h t h a l a t e 
4 - c h l o r o p h e r i y l - p h e n y l e t h e r 
Fluorene 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10' 
10 
10 
50 
10 
50 
10 
10 
10 
50 
10 
50 
50 
10 
10 
10 
10 
10 
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TABLE 5-1 

(continued) 
Page 3 of 3 

Reporting Limit 
Compound , (tig/I) 

Semivolatile Organic Compounds (cont'd) 

4 - n i t r o a n i l i n e 5 0 

4,6-dinitro-2-methylphenol v 50 
N-nitrosodiphenylamine (1) 10 
4-bromophenyl-phenylether 10 
Hexachlorobenzene 1 0 

Pentachlorophenol 5 0 

Phenanthrene 1 0 

Anthracene 1 0 

Di-n-butylphthalate 1 0 

Fluoranthene 1 0 

Pyrene 1 0 

Butylbenzylphthalate 1 0 

3 , 3'-dichlorobenzidine 20 
Benzo(a)anthracene 1 0 

Chrysene 1 0 

Bis(2-ethylhexyl)phthalate i 0 

Di-n-octyl phthalate 1 0 

Benzo(b)fluoranthene 10 
Benzo(k)fluoranthene 10 
Benzo(a)pyrene 10 
Indeno(1,2,3-cd)pyrene 10 
Dibenzo(a,h)anthracene 10 
Benzo(g,h,i)perylene i 0 



TABLE 5-2 

REPORTING LIMITS FOR QUARTERLY METALS 

ANALYSES OF SURFACE WATER, 

SEDIMENT, AND GROUNDWATER AT MSP 

Analyte 
Reporting L i m i t 

Analyte (M9/L) 

Aluminum 200 
Antimony 60.0 
Arsenic 500 
Barium 200 
Bery l l i u m 5.0 
Boron 60. 0 
Cadmium 5.0 
Calcium 5000 
Chromium 10 . 0 
Cobalt 50.0 
Copper 25.0 
I r o n 100 
Lead 500 
Lit h i u m 100 
Magnesium 5000 
Manganese 15.0 
Molybdenum 100 
N i c k e l 40.0 
Potassium 5000 
Selenium 500 
S i l v e r 10.0 . 
Sodium 5000 
Thallium 500 
Vanadium 50. 0 
Zinc 20 . 0 
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TABLE 5-3 

ANALYTICAL RESULTS FOR INDICATOR PARAMETERS 

IN SURFACE WATER AT MSP, 1990 

Sampling Quarter* 
Location 3 3 4 Min Max 

Specific Conductance (̂ mhos/cm) 

1 249 158. 158 249 204 
2 245 178 178 245 212 
3 232 182 182 232 207 
4 C " 303 176 176 303 240 
5 59 100 ' 59 100 80 

pH (standard units) 

1 7.2 7.3 7.2 7 . 3 7 . 3 
2 7 . 4 7.4 7.4 7 . 4 . 7. 4 
3 7 7.2 7 7. 2 7 
4 C 6.9 6.8 6.8 6. 9 6. 9 
5 6.9 6.9 6.9 6. 9 6. 9 

aSampling locations are shown i n Figure 4-3. 

"Surface water sampling was i n i t i a t e d i n t h i r d quarter. 

cUpstream sampling location. 
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TABLE 5-4 

CONCENTRATIONS OF TOTAL ORGANIC CARBON AND TOTAL ORGANIC 

HALIDES IN SURFACE WATER AT MSP, 1990 

Sampling 
Location 3 

Ouarter 1 3 

3 ''4 Min Max Avg 

Total organic Carbon (mg/L) 

1 3.5 5.8 3.5 5.8 4 . 7 
2 46.6 5.2 5.2 46.6 26 
3 12 .2 3.4 3.4 12.2 7.8 
4C 3.4 2.6 2 . 6 3.4 3.0 
5 4 . 6 2.3 2.3 4 . 6 3.5 

Total Organic Halides Og/L) 

1 <20 77 2 0 77 49 
2 35 67 35 67 51 
3 30 110 30 110 70 
4C 58 65 58 65 62 
5 <20 33 20 33 27 

aSampling l o c a t i o n s are shown i n Figure 4-3. ' 

Surface water sampling was i n i t i a t e d i n t h i r d quarter. 

"Upstream sampling location. 
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TABLE 5-5 

ORGANIC COMPOUNDS DETECTED8 IN SURFACE WATER 

AT MSP DURING THIRD QUARTER 1990 

Sampling 
Location" Compound 

Concentration 
(Mg/L) 

2 Methylene chloride 
2°,d 

Chloroform l d 

3 Methylene chloride 2 c , d 

4e 

Methylene chloride. 
Chloroform 5 
Bromodichloromethane 2_c i o 

3No s e m i v o l a t i l e organics were detected. 

°Sampling l o c a t i o n s are shown i n Figure 4-3. 

i n d i c a t e s an estimated value — e i t h e r when.estimating a 
concen t r a t i o n f o r t e n t a t i v e l y i d e n t i f i e d compounds where a l - l 
response i s assumed or when the mass s p e c t r a l data i n d i c a t e the 
presence of a compound t h a t meets the i d e n t i f i c a t i o n c r i t e r i a 
but the r e s u l t i s less than the s p e c i f i e d d e t e c t i o n l i m i t but' 
greater than zero. 

"Indicates t h a t the analyte was found i n the associated blank as 
we l l as i n the sample. I n d i c a t e s possible/probable blank 
contamination. 

"Upstream sampling l o c a t i o n . 

r 
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TABLE 5-6 

CONCENTRATIONS3 OF METALS DETECTED IN SURFACE WATER AT MSP, 1990 

Page 1 o f 2 

Sampling 
L o c a t i o n 1 ' M e t a l 

Q u a r t e r c,d 

Mm Max 

Boron 
Calcium 
I r o n 
Lead 
Magnesium 
Manganese 
Sodium 
Z i n c 

Boron 
Calcium 
Magnesium 
Manganese 
Sodium 
Z i n c 

Aluminum 
Boron 
Cadmium 
Calcium 
I r o n 
Magnesium 
Manganese 
Sodium 
Zin c 

Boron 
Calcium 
Lead 
Magnesium 
Manganese 
Sodium 

280 
29,200 

<100 
<500 

8 ,240 
218 

13,600 
224 

110 
23,800 
6, 980 

26.2 
12,100 

<20 

417 
109 
10.4 

22,900 
104 

6 , 370 
31.7 

12,800 
105 

74 .9 
26,300 

<500 
7, 580 

19 . 6 
12 , 400 

379 
27,000 

390 
3 . 5 

7,970 
258 

14,000 
259 

124 
25,900 
7,280 

20.7 
12,400 

20.4 

<200 
130 
<5 

25,700 
101 

7, 220 
16. 6 

12,600 
44 . 4 

<60 
24,700 

3.3 
7,340 

<15 
11,400 

280 
27,000 

100 
3 . 5 

7 , 970 
218 

13,600 
224 

110 
23,800 
6,980 

20.7 
12,100 

20 

200 
109 
5 

22,900 
101 

6, 370 
16.6 

12,600 
44 . 4 

60 
24,700 

3 . 3 
7 , 340 

15 
11,400 

379 
29,200 

390 
500 

8, 240 
258 

14,000 
259 

124 
25,900 
7,280 

26.2 
12,400 

20.4 

417 
130 
10.4 

25,700 
104 

7, 220 
31.7 

12,800 
105 

74.9 
26,300 

500 
7, 580 

19.6 
12,400 

Avg 

330 
28,100 

250 
250 

8, 105 
238 

13,800 
242 

117 
24,850 
7,130 

24 
12,250 

20 

309 
120 
8 

24,300 
103 

6,800 
24 

12,700 
75 

25. 
67 

-,500 
250 

7,460 
17 

11,900 



Page 2 of 2 

Sampling 
Location 1 3 Metal 

TABLE 5-6 

(continued) 

Quarter c,d 

Min Max Avg 

Boron 
Calcium 
Copper 
Iron 
Manganese 
Sodium 
Zinc 

<60 
6 , 920 

<25 
<100 
144 

<5,000 
77 . 

8 
199 
430 
289 

4. 
218 

9, 650 
222 

60 
6, 920 

25 
4 . 

144 
5, 000 

77. 

199 
8,430 

289 
100 
218 

9, 650 
222 

130 
7 , 680 

157 
52 

181 
7, 300 

150 

C o n c e n t r a t i o n s are reported i n u n i t s of /ug/L. 

''Sampling l o c a t i o n s are shown i n Figure 4-3. 

i n i t i a t e d i n t h i r d q u a r t e r . 

''Analytical methods for lead used during the t h i r d quarter were not as s e n s i t i v e as 
those used during the fourth quarter. 

"Upstream sampling l o c a t i o n . 



i n average concentration from 67 t o 330 and 17 t o 238 ( iq /L , 

r e s p e c t i v e l y . Because these metals were detected a t both upstream 

and downstream l o c a t i o n s a t s i m i l a r c o n c e n t r a t i o n s , the s i t e does 

not appear t o be c o n t r i b u t i n g these metals t o t h e surface water. 

Calcium and sodium were also found i n samples from a l l l o c a t i o n s i n 

both quarters a t average concentrations ranging from 7680 t o 28,100 

and 7300 t o 13,800 jLtg/L, r e s p e c t i v e l y . 

5.1.3 Trends 

I n d i c a t o r analyses such as TOC and TOX are used as gross 

i n d i c a t o r s f o r the presence of organics. These i n d i c a t o r 

parameters can f l u c t u a t e g r e a t l y between sampling events; 

t h e r e f o r e , t r e n d analysis i s not f e a s i b l e . I n cases where broad-

screen organic analyses are performed t o support a s i t e 

c h a r a c t e r i z a t i o n or remedial i n v e s t i g a t i o n , the data w i l l be 

presented i n the annual environmental r e p o r t , but t r e n d analyses 

w i l l not be performed. 

5.2 SEDIMENT MONITORING 

Sediment monitoring was conducted t o determine whether 

n o n r a d i o l o g i c a l contaminants are c o l l e c t i n g i n onsite. or o f f s i t e • 

sediments. 

5.2.1 Program Description 

Sediment samples c o l l e c t e d from the same l o c a t i o n s as those i n 

the n o n r a d i o l o g i c a l program were analyzed f o r metals (Table 5-2) 

beginning i n the f o u r t h q u a r t e r of 1990. 

5.2.2 Data and Discussion 

Table 5-7 l i s t s the concentrations of metals detected i n 

sediments. Aluminum, calcium, copper, i r o n , magnesium, manganese, 

n i c k e l , and zinc were found a t every sampling l o c a t i o n . Although 
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TABLE 5-7 

CONCENTRATIONS OF METALS DETECTED IN SEDIMENT 

AT MSP DURING FOURTH QUARTER 1990 

Page 1 of 2 

Sampling Concentration 
Location 3 Metal (M9/g) 

4 b 

Aluminum 3,740 
Arsenic 2 
Calcium 1, 630 
Chromium 8 
Copper 37 
I r o n 11,500 
Magnesium 2 ,900 
Manganese 284 
Nickel 14 
Zinc 779 

Not requested 

Aluminum ^ 2,730 
Calcium 1,820 
Chromium , 7 
Copper 46 
I r o n 13,100 
Magnesium 2,350 
Manganese 197 
Nickel 31 
Zinc 89 

Aluminum 3 , 440 
Calcium 2 , 650 
Copper 22 
I r o n 10,200 
Magnesium" 2,350 
Manganese 163 
Nickel 9 
Zinc 58 

Aluminum : 4,600 
Barium 109 
Cadmium 1 
Calcium 8 , 690 
Cobalt 11 
Copper 105 
Ir o n 25,000 

,1 
,4 

8 
4 

6 
9 



Page 2 of 2 

TABLE 5-7 

(continued) 

Sampling Concentration 
Location 3 Metal (Mg/g) 

5 (cont'd) Lead 172 
Magnesium 3,710 
Manganese 1,440 
Nickel 3 0 

Vanadium 17/ 6 

Zinc 831 

Sampling l o c a t i o n s are shown i n Figure 4-3 

'Upstream sampling l o c a t i o n . 
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some of these metal concentrations are l a r g e , downstream 

concentrations do not d i f f e r s i g n i f i c a n t l y from those upstream. 

5.2.3 Trends 

Because t h e metals a n a l y s i s was only conducted d u r i n g one 

quarter, t h e r e i s i n s u f f i c i e n t i n f o r m a t i o n t o perform a t r e n d 

a n a l y s i s . 

5.3 GROUNDWATER MONITORING 

Groundwater monitoring was conducted t o provide i n f o r m a t i o n on 

p o t e n t i a l m i g r a t i o n of n o n r a d i o l o g i c a l contaminants through the 

groundwater system and t o ensure compliance w i t h environmental 

standards. 

5.3.1 Program D e s c r i p t i o n 

Groundwater samples were c o l l e c t e d from the same l o c a t i o n s as 

those i n the r a d i o l o g i c a l groundwater m o n i t o r i n g system 

(Figure 4-4); see Subsection 4.1.5. Qua r t e r l y groundwater samples 

were analyzed f o r the i n d i c a t o r parameters and f o r the metals 

l i s t e d i n Table 5-2. I n a d d i t i o n , v o l a t i l e and s e m i v o l a t i l e 

organic compounds (see Table 5-1) were analyzed during the t h i r d 

quarter. 

5.3.2 Data and Discussion 

A n a l y t i c a l r e s u l t s f o r i n d i c a t o r parameters show t h a t the 

groundwater i s of somewhat b e t t e r q u a l i t y than might be expected i 

a s i m i l a r area of mixed r e s i d e n t i a l / c o m m e r c i a l establishments; 

p o o r - q u a l i t y groundwater i s t y p i c a l of i n d u s t r i a l / u r b a n areas. As 

shown i n Table 5-8, averages f o r s p e c i f i c conductance ranged from 

131 t o 580 /imhos/cm, and pH v a r i e d from s l i g h t l y a c i d i c (pH 5.7) t 

s l i g h t l y basic (pH 7.8). Average TOC l e v e l s v a r i e d from 1.3 t o 

629 mg/L, and TOX l e v e l s ranged from below detectable l i m i t s t o 
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TABLE 5-8 

ANALYTICAL RESULTS FOR INDICATOR PARAMETERS 

IN GROUNDWATER AT MSP, 1990 

Page l of ? 

Sampling Quarter 
Location 3 1 ? Min Max Avg 

l 
1A 
3 
3A 
4 
4A 
5 
9 
11 
12 
13 
14 
15 

Specific Conductance (^mhos/cm) 

1 — — D 

145 115 134 115 145 131 
1A —-1 202 195 ND 195 202 199 
3 434 412 416 367 367 434 407 
3A 556 558 528 508 508 558 538 
4 180 210 149 167 149 210 177 
4A 264 325 233 202 202 325 256 
5 158 -.—; 271 158 271 215 
9 623 561 669 468 468 669 580 
11 ' 186 166 — c 

166 186 176 
12 143 1420 159 221 143 1420 486 
13 — 138 129 128 128 138 132 
14 — : _ _ c __c _ _ c — — 
15' b 534 527 558 527 558 540 
20D 331 357 347 420 331 420 364 
20S 186 187 174 211 174 211 190 
21D 325 345 343 576 325 576 397 
21S 156 161 137 175 137 175 157 
22D — ~ 562 565 — —.c 

562 565 564 
23D 

••—= 
399 413 494 399 494 435 

MML-17d — - 248 280 327 248 327 285 

pH (standard units) 

— — 6.9 6 . 8 7 . 4 6 . 8 7 . 4 7 . 0 
— — - 6.6 6 . 5 6.5 6 . 5 6.6 6.5 
6 . 0 7.. 4 7.2 7 . 4 ' 6 . 0 7 . 4 7 . 0 
7 . 5 6.6 7 . 1 7.4 6 . 6 7 . 5 7.2 
6 . 9 5.7 6 . 3 6.9 5.7 6.9 6.5 
6 . 6 5.8 5.9 6 . 8 5.8 6 . 8 6.3 

5.6 5.8 5 . 6 5.8 5 . 7 
7 . 4 7 . 0 7 . 0 •7.3 7 . 0 7 . 4 7 . 2 
7 . 2 6.6 — — c __;C 6 . 6 7 . 2 6.9 
6 . 5 6 . 8 6 . 4 6.3 6.3 6 . 8 6.5 

_ ; 7.0 ' 
c 

6 . 7 7 . 1 
C 

6 . 7 7.1. 6.9 

= 7.4 7 . 5 7 . 9 7 . 4 7 . 9 7 . 6 
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TABLE 5-8 

(continued) 
Page 2 of 2 

Sampling Quarter 
Location 3 1 2 3 4 - Min Max Avg 

pH (cont'd) 

20D 8 0 8 0 7 8 7 5 7 5 8 0 7 8 
20S 6 8 5 6 5 8 5- 9 5 . 6 6 8 6 0 
2 I D 8 0 7 7 7 6 7 3 7 3 8 0 7 7 
2 I S 6 0 5 9 5 8 5 . 8 5 8 6 0 5 9 
22D _ _ b 7 6 7 6 _ _ c 7 6 7 6 7 6 
23D b 7 4 7 1 7 . 6 7 1 7 6 7 4 
M M L - 1 7 d 2 7 9 8 8 8 . 2 7 9 8 8 8 . 3 

-Sampling l o c a t i o n s are shown i n Figure 4-4. 

cNo data a v a i l a b l e . 

cWell d i d not recover s u f f i c i e n t l y t o sample a f t e r purging. 

background w e l l located a t Middlesex Municipal L a n d f i l l , 
Middlesex, NJ, 0.8 km (0.5 mi) northwest of MSP. Reinstated 
i n October 1988. 
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47 f i g / L (Table 5-9) . Although a few q u a r t e r l y TOC observations 

were considerably higher than those f o r the o t h e r t h r e e quarters 

( w e l l 9, second quarter; w e l l 13, f o u r t h q u a r t e r ; w e l l 15, f o u r t h 

q u a r t e r ) , t h e r e was no observation of a w e l l w i t h a sustained 

elevated reading. 

A n a l y t i c a l r e s u l t s showed very l i t t l e contamination of 

groundwater w i t h v o l a t i l e or s e m i v o l a t i l e compounds (Table • 5-10). 

Carbon d i s u l f i d e and t r i c h l o r o e t h a n e were the only v o l a t i l e s found 

i n excess of l a b o r a t o r y d e t e c t i o n l i m i t s . T r i c h l o r o e t h a n e was 

found i n only one w e l l (21D) a t very low l e v e l s (66 jLtg/L) . This 

compound i s a halogenated v o l a t i l e t h a t could have o r i g i n a t e d from 

degreasers and cleansers used i n t h i s area. 

Metals analysis was i n i t i a t e d d u r i n g the t h i r d q u arter of 1990; 

concentrations of metals detected i n groundwater are•presented i n 

Table 5-11. No d e f i n i t e conclusions regarding metal contaminants 

i n the groundwater may be drawn from the 1990 sampling and analyses 

because of the l i m i t e d amount of sampling performed. Only boron, 

calcium,. i r o n , magnesium, manganese, sodium, and zinc were detected 

w i t h r e g u l a r i t y . Although concentrations of some of these common 

elements appear high, they c o n s t i t u t e a r e l a t i v e l y l a r g e percentage 

of Earth's composition and are, t h e r e f o r e , expected t o be present 

i n r e l a t i v e l y large amounts i n groundwater. Because they were 

u s u a l l y found i n s i m i l a r concentrations i n both upgradient and 

downgradient w e l l s , i t can^be concluded t h a t the s i t e i s not 

c o n t r i b u t i n g these metals t o groundwater. I n a d d i t i o n t o being 

found o n s i t e , a l l of these metals were detected i n s i m i l a r 

concentrations a t background sampling l o c a t i o n MML-17. 

Calcium and sodium were found i n a l l w e l l s a t concentrations 

ranging from 6910. to 86,500 /ig/L and below the d e t e c t i o n l i m i t t o 

36,500 /ig/L, r e s p e c t i v e l y , w i t h no apparent c o r r e l a t i o n between 

w e l l l o c a t i o n or a q u i f e r sampled. 

5.3.3 Trends 

Because n o n r a d i o l o g i c a l sampling was not begun u n t i l 1990, 

there i s i n s u f f i c i e n t i n f o r m a t i o n t o perform a t r e n d a n a l y s i s . 
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TABLE 5-9 

CONCENTRATIONS OF TOTAL ORGANIC CARBON AND TOTAL ORGANIC HALIDES 

IN GROUNDWATER AT MSP, 1990 

Page 1 o f ? 

Sampling 
L o c a t i o n 3 

Quarter 

Min Max Avg 

T o t a l Organic Carbon (mg/L) 

1 
1A 
3 
3A 
4 
4A 
5 
9 
11 
12 
13 
14 
15 
20D 
20S 
2 ID 
2 IS 
22D 
23D 
MML-17d 

1 
1A 
3 • 
3A 
4 
4A 
5 
9 
11 
12 
13 
14 
15 

b 

b 

11. 
8. 
3 . 

55 
2. 

11. 

8 . 8 
1.9 
2.7 

3 
3 
2 

40.6 
18 . 7 
3.8 
7.7 

8.3 
1.6 

10.3 
7.6 
2 . 9 
2 . 6 

7.1 

2 . 6 
10.4 

20.8 
18. 8 
9.4 
8 , 
4 , 
5, 
4 . 

12. 

8 . 3 
1.6 
9.4 
7.6 
2 . 9 

b 

0.87 
3.1 
0.77 
4.4 

__b 

3 
3 
3 . 
1. 
2 . 
1. 
2 . 
1. 

0 
2 
1 
1 
4 
8 
5 
1 

3 . 0 
0.96 
3.9 
1.1 
2 . 8 
2 . 2 
1.9 
1.1 

2.1 
40.2 

1880 
2.1 
3 . 7 
2.3 
2 . 8 

_ _ c 

16. 4 
6.1 

. 2 
2 . 
7 . 
1. 
2. 
7.7 

3 . 0 
0. 87 
3 . 1 
0. 77 
2.4 
1.8 
1.9 
1.1 

T o t a l Organic H a l i d e s (/ig/L) 

b <20 <20 <20 20 
_ _ b 27 <20 <20 20 
24 <20 <20 38 20 
61 <20 <20 59 20 
27 <20 66 <20 20 
98 <20 37 31 20 
— c <20 _ _ c 34 • 20 
<20 <20 <20 30 2 0 
72 <20 _ _ c 20 
24 <20 <20 <20 20 

<20 <20 <20 26 20 

76 <20 23 20 

55 
18.8 
11.2 
8 
4 
5 
4 

40 
18.7 
3 . 8 

40.2 

1880 
3 , 
3 . 
2 . 
4 . 
2 . 

16. 
6 . 

20 
27 
38 
61 
66 
98 
34 
30 
72 
24 
26 

76 

28 
7, 

11 
8. 
3 . 
4 . 
3 . 

17 
10 
2 . 

19 

629 
1. 
3 . 
1. 
3 . 
2 . 
6 . 
2 . 

20 
22 
26 
40 
33 
47 
27 
23 
46 
21 
22 

40 
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TABLE 5-9 

(continued) 
Page 2 of 7 

Sampling Quarter 
Location3 i ? -. Min Max Avg 

Total Organic Halides (cont'd) 

<20 <20 <20 <20 20 
44 <20 <20 <20 20 
46 <20 <20 100 20 

<20 <20 <20 40 20 
__b __b <20 _ _ c 20 
__b <20 <20 <20 20 

b : b __b • b 

20D 
20S 
2 ID 
21S 
22D 
23D 
MML-17d 

20 20 
44 26 

100 47 
40 25 

-Sampling l o c a t i o n s are shown i n Figure 4-4. 

"No data a v a i l a b l e . 

'Well d i d not recover s u f f i c i e n t l y t o sample a f t e r purging. 

d ? f C i ^ r O U n d W e l 1 l o c a t e d a t the Middlesex Municipal L a n d f i l l 
Middlesex, NJ, 0.8 km (0.5 mi) northwest of MSP. Reinstated 
i n October 1988. u 
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TABLE 5-10 

CONCENTRATIONS OF VOLATILE AND SEMIVOLATILE ORGANIC 

COMPOUNDS DETECTED IN GROUNDWATER AT MSP 

DURING THIRD QUARTER 1990 

Page 1 of 7. 

Sampling Concentration 
Location 0 Compound (Mg/L) 

V o l a t i l e Compounds 

1 A Methylene c h l o r i d e 3b-c 

3 Methylene c h l o r i d e 3b.= 

3 A Methylene c h l o r i d e 2b'c 

4 Methylene c h l o r i d e 2 b , c 

4 A Methylene c h l o r i d e 3b'c 

Carbon D i s u l f i d e 5 

9 Methylene c h l o r i d e 2 b , c 

l l d 

12 Methylene c h l o r i d e 4b-c 

Toluene 

13 Methylene c h l o r i d e 3b'c 

14° 

15 Methylene chloride 2°,c 

20D Methylene c h l o r i d e 4b'c' 
Acetone 2 b , c 

Toluene l b 

20S Methylene c h l o r i d e 3b'c 

21D Methylene c h l o r i d e 3b-c 

Trichloroethene 66 

21S Methylene c h l o r i d e 4b'c 

22D Methylene c h l o r i d e 2 b , c 

23D Methylene c h l o r i d e 2b'c 
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TABLE 5-10 

(continued) 

Sampling 
Location" Compound 

Concentration 
(Mg/L) 

V o l a t i l e Compounds (cont'd) 

MML-17 e 

Methylene c h l o r i d e 

Semivolatile Compounds 

2 b, c 

3 Di - n - b u t y l p h t h a l a t e 
B i s ( 2 - e t h y l h e x y l ) p h t h a l a t e 

Xb,c 

5b,c 

3A Di - n - b u t y l p h t h a l a t e 
B i s ( 2 - e t h y l h e x y l p h t h a l a t e 

-j^b, c 

4b,c 

4A 1,2,4-trichlorobenzene 
B i s ( 2 - e t h y l h e x y l ) p h t h a l a t e 

2 b 

2b,c 

9 Di - n - b u t y l p h t h a l a t e l b 

20D Di - n - b u t y l p h t h a l a t e 
B i s ( 2 - e t h y l h e x y l ) p h t h a l a t e 

, c 

2b,c 

2 IS D i - n - b u t y l p h t h a l a t e 
N-nitrosodiphenlamine(1) 

2b,c 

4 b 

"Sampling l o c a t i o n s are shown i n Figure 4-4. 

"Indicates an estimated v a l u e — e i t h e r when e s t i m a t i n g a ' 
concentration f o r t e n t a t i v e l y i d e n t i f i e d compounds where a 1:1 
response i s assumed or when the mass s p e c t r a l data i n d i c a t e the 
presence of a compound t h a t meets the i d e n t i f i c a t i o n c r i t e r i a 
but the r e s u l t i s less than the s p e c i f i e d d e t e c t i o n l i m i t but' 
greater than zero. 

"Indicates t h a t the analyte was found i n the associated blank as 
w e l l as i n the sample; i n d i c a t e s possible/probable blank 
contamination. 

GWell d i d not recover s u f f i c i e n t l y t o sample a f t e r purging. 

"Background w e l l located at the Middlesex Municipal L a n d f i l l , 
Middlesex, NJ, 0.8 km (0.5 mi) northwest of MSP. Reinstated 
i n October 1988. 



TABLE 5-11 

CONCENTRATIONS3 OF METALS DETECTED IN GROUNDWATER AT MSP, 1990 

Page 1 of 6 

Sampling Quarter 0 

Location 1 1 Metal 3 4 Min Max Avg 

Aluminum <200 1, 450 200 1,450 825 
Boron 126 132 126 132 129 
Calcium 12,800 6,910 6, 910 12,800 9,860 
Copper 26. 4 44. .4 26. 4 44. . 4 35. ,4 
I r o n <500 2, 660 500 2, 660 1,580 
Lead <100 33 33 100 66 
Manganese 35. 3 110 35. 3 110 72. 7 
Sodium 6, 290 ND 6, 290 6,290 6,290 
Z i n c 60. 6 145 60. 6 . 145 103 

Boron 147 191 147 191 169 
Calcium 20,400 15,600 15,600 20,400 18,000 
I r o n <500 140 140 500 320 
Magnesium 7 , 000 5,450 5, 400 7,000 6,230 
Sodium 10,300 8,810 8,810 10,300 9,560 
Z i n c 62 . 4 26. 4 26. 4 62. 4 44. 4 

Aluminum <200 2, 300 200 2,300 1,300 
Boron 341 168 168 341 255 
Calcium 55,300 55,400 55,300 55,400 55,350 
I r o n <500 3,140 500 3,140 1,820 
Magnesium 15,400 16,000 15,400 16,000 15,700 
Manganese 3 , 710 2,980 2,980 3,710 3, 350 
Sodium 14,800 15,900 14,800 15,900 15,350 
Z i n c 46. 4 87. 7 46. 4 87. 7 67. 1 

Aluminum <200 1,280 200 1,280 790 
Boron 215 <60 60 215 140 
Calcium 80,400 86,500 80,400 86,500 83,450 
I r o n <500 1,400 500 1,400 950 
Magnesium 20,400 22,200 20,400 22,200 21,300 
Manganese 2, 250 851 851 2,250 1,550 
Sod i urn 1R.600 21 . 400 1 8 600 21.400 20.000 
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Sampling 
Loca t i o n 1 ' 

TABLE 5-11 

( c o n t i n u e d ) 

4A 

M e t a l 

Aluminum 
Barium 
Boron 
Calcium 
Chromium 
Copper 
I r o n 
Lead 
Magnesium 
Manganese 
N i c k e l 
Potassium 
Sodium 
Vanadium 
Z i n c 

Boron 
Calcium 
I r o n 
Magnesium 
Manganese 
Sodium 
Z i n c 

Aluminum 
Barium 
Calcium 
Chromium 
I r o n 
Lead 
Magnesium 
Manganese 

Quarter c 

<200 
<200 
136 

8 ,210 
<10 _ 
<25 

<100 
<500 

<5,000 
222 
<40 

<5,000 
14,200 

<50 
87 . 7 

244 
23,600 

<100 
9,210 

261 
19,800 

45.6 

<] 

_ _ d 

d 

d 

d 

d 

d 

d 

50,200 
459 
<60 

16,000 
59 . J 
38.; 

84,600 
i o . 

28,600 
1,120 

101 
13,900 
18,400 

98 
400 

<60 
22,100 

246 
8, 310 

272 
18,800 

29. 7 

17,000 
304 

13,700 
18 

25,300 
3 . 8 

15,400 
593 

Min 

200 
200 
60 

8,210 
10 
25 

100 
10. 7 

5, 000 
222 
40 

5, 000 
14,200 

50 
87.7 

60 
22,100 

100 
8 , 310 

261 
18,800 

29.7 

Max 

50,200 
459 
136 

16,000 
59.f 
38.J 

84,600 
500 

28,600 
1,120 

101 
13,900 
18,400 

98 
400 

244 
23,600 

246 
9,210 

272 
19,800 

45.6 

Avg 

25,200 
330 
98 

12,105 
35 
32 

42,400 
505 

16,800 
671 
71 

9, 450 
16,300 

74 
244 

152 
22,850 

123 
8, 760 

267 
19,300 

37.7 
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TABLE 5-11 

( c o n t i n u e d ) 

Sampling 
L o c a t i o n " 

( c o n t ' d ) 

11 £ 

12 

M e t a l 

13 

N i c k e l 
Potassium 
Sodium 
Z i n c 

Boron 
Calcium 
I r o n 
Magnesium 
Manganese 
Potassium 
Sodium 
Z i n c 

Aluminum 
Barium 
Boron 
Calcium 
Chromium 
Copper 
I r o n 
Magnesium 
Manganese 
N i c k e l 
Potassium 
Sodium 
Vanadium 
Zi n c 

Aluminum 

d 

d 

d 

d 

440 
81,400 
1,880 

29,600 
2 , 500 
6, 560 

21,900 
32 

<200 
<200 
199 

14,400 
<10 
<25 

<100 
5,170 

51. 
<15 

<5,000 
9, 310 

<20 
52 .1 

<200 
i n -i 

Q u a r t e r 0 

44.4 
6, 550 

19,100 
128 

412 
46,400 
3, 510 

14,400 
649 

6, 040 
17,100 

45.9 

39,600 
312 
<60 

18,100 
43 . 
65. 

58,500 
24,600 

924 
84. 

11,900 
14,000 

57.' 
280 

2,920 

Min 

412 
46,400 
1,880 

14 ,400 
649 

6, 040 
17,100 

32 

200 
200 
60 

14,400 
10 
25 

100 
5, 170 

51.5 
15 

5, 000 
9, 310 

57.7 
52.9 

200 

Max 

440 
81,400 
3,510 

29,600 
2,500 
6,560 

21,900 
45.9 

39,600 
312 
199 

18,100 
43.7 
65.7 

58,500 
24,600 

924 
84.4 

11,900 
14,000 

57.7 
280 

2. q?n 

Avg 

426 
63,900 
2,700 

22,000 
1,580 
6,300 

19,500 
39 

19,900 
256 
130 

16,250 
26 
45 

29,300 
14,885 

488 
50 

8,450 
11,660 

57." 
167 



TABLE 5-11 

( c o n t i n u e d ) 
Page 4 o f 6 

Sampling 
L o c a t i o n 1 5 

13 
( c o n t ' d ) 

14' 

15 

20D 

20S 

M e t a l 

Calcium 
I r o n 
Manganese 
Sodium 
Z i n c 

Aluminum 
Barium 
Boron 
Calcium 
I r o n 
Magnesium 
Manganese 
Sodium 
Z i n c 

Barium 
Boron 
Calcium 
Magnesium 
Sodium 
Z i n c 

Boron 
Calcium 
I r o n 
Magnesium 
Manganese 
Sodium 
Z i n c 

Q u a r t e r 0 

10,700 
206 
<15 

9,330 
153 

<200 
<200 

67.5 
73,500 

<100 
17,900 

262 
15,500 

38 . 6 

346 
64 . 8 

54,300 
5, 770 

11,600 
48 . 4 

162 
15,400 

<100 
5, 640 

342 
12,400 

32 . 3 

8,330 
3,950 

54.8 
7 , 260 

41.5 

296 
202 
182 

63,500 
429 

9, 520 
780 

15,800 
40.4 

368 
<60 

56,700 
5, 900 

11,900 
51.2 

60 
14,500 
1,520 
5, 380 

344 
13,100 

63.4 

Min 

8,330 
206 
15 

7 , 2 60 
41.5 

200 
200 
67. 5 

63,500 
100 

9,520 
262 

15,500 
38.6 

346 
60 

54,300 
5,770 

11,600 
48 . 4 

60 
14,500 

100 
5, 380 

342 
12,400 

32 . 3 

Max 

10,700 
3,950 

54.8 
9,330 

153 

296 
202 
182 

73,500 
429 

17,900 
780 

15,800 
40.4 

368 
64.8 

56,700 
5,900 

11,900 
51.2 

162 
15,400 
1,520 
5,640 

344 
13,100 

63.4 

Avg 

9, 520 
2, 080 

35 
8 , 300 

97. 3 

4 48 
201 
125 

68,500 
265 

13,710 
521 

15,650 
39.5 

357 
62 

55,500 
5,840 

11,750 
49.8 

111 
14,950 

810 
5, 510 

343 
12,750 

4 7.. 9 
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Sampling 
L o c a t i o n " 

21D 

21S 

22D 

23D 

M e t a l 

TABLE 5-11 

(continued) 

Quarter0 

Min 

Barium 494 516 494 
Calcium 55,400 54,000 54,000 
Magnesium 6, 900 6,530 6, 53 0 
Sodium 11,300 15,300 11,300 
Z i n c <20 91.8 20 

Aluminum <200 291 200 
Boron 255 102 102 
Calcium 14,300 15,400 14,300 
I r o n . <100 486 100 
Manganese <15 22. 1 15 
Sodium 7, 750 9, 020 7,750 
Zi n c 39.9 33.1 33 

Barium 481 d 

Boron 90. 7 d 

Calcium 83,400 d 

Magnesium 17 ,400 d 

Sodium 18,100 d 

Z i n c 21. 1 d 

Aluminum <200 296 200 
Barium <200 _ 202 200 
Boron <60 182 60 
Calcium <5,000 63,500 5, 000 
I r o n <100 429 100 
Magnesium <5,000 9,520 5, 000 
Manganese <15 780 15 
Sodium <5,000 15,800 5, 000 
Zinc <20 40.4 20 

Max 

516 
55,400 
6, 900 

15,300 
91.8 

291 
255 

15,400 
486 
22.1 

9,020 
39.9 

296 
202 
182 

63,500 
429 

9,520 
780 

15,800 
40.4 

Avg 

505 
54,700 
6, 720 

13,300 
56 

246 
179 

14,850 
293 
19 

8,390 
36.5 

248 
201 
120 

34,300 
265 

7,260 
398 

10,400 
30 
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Sampling 
Location' 1 

TABLE 5-11 

(continued) 

Metal 
Quarter 0 

Min Max 

MML-17f 

Aluminum 
Barium 
Boron 
Calcium 
Copper 
I r o n 
Magnesium 
Manganese 
Sodium 
Zinc 

<200 
335 
111 

30,100 
<25 

<100 
9 , 040 

91. 
10,900 

<20 

Avg 

1, 900 200 1, 900 10,500 
422 335 422 379 
102 102 111 107 

31,000 30,100 31,000 30,550 
33.8 25 33.8 29 

2, 280 100 2,280 1,180 
10,100 9, 04 0 10,100 9,570 

147 91.1 147 119 
11,300 10,900 11,300 11,100 

164 164 164 164 

C o n c e n t r a t i o n s are re p o r t e d i n u n i t s of /xg/L. 

"Sampling l o c a t i o n s are shown i n Figure 4-4. 

cMetals a n a l y s i s was i n i t i a t e d i n t h i r d q u a r t e r . 

"Well d i d not recover s u f f i c i e n t l y t o sample a f t e r purging. 

eNo metals found above the d e t e c t i o n l i m i t . 

background w e l l l o c a t e d a t the Middlesex Municipal L a n d f i l l , Middlesex, NJ, 0.8 km 
(0.5 mi) northwest o f MSP. Reinstated i n October 1988. 



6.0 GROUNDWATER PROTECTION PROGRAM 

6.1 HYDROGEOLOGICAL CHARACTERISTICS 

6.1.1 Site Hydrogeology 

The MSP s i t e , which l i e s i n the T r i a s s i c Lowlands region of 

n o r t h - c e n t r a l New Jersey (Geraghty and M i l l e r 1976), slopes g e n t l y 

t o the south. S o i l s a t the s i t e represent weathered bedrock and 

f i l l m a t e r i a l composed predominantly of s i l t y t o sandy loams 

ranging i n thickness from 0.46 t o 2.4 m (1.5 t o 8.0 f t ) . Red shale 

of the T r i a s s i c Brunswick Formation i s the bedrock u n i t u n d e r l y i n g 

the s o i l s a t MSP (Weston 1980). 

The two types of water-bearing m a t e r i a l t h a t occur w i t h i n 9.1m 

(30 f t ) of the ground surface are the red shale of the Brunswick 

Formation and the o v e r l y i n g unconsolidated d e p o s i t s . Some w e l l s 

developed i n the Brunswick (the lower groundwater system) are 

screened a t depths ranging from 4.6 t o 15.3 m (15 t o 50 f t ) ; others 

are open holes at t o t a l depth and the r e i s no documentation f o r the 

top of the open i n t e r v a l . The water t a b l e i n the lower groundwater 

system occurs a t approximately 2.4 t o 9.1 m (8 t o 3 0 f t ) below the 

ground surface. The water t a b l e i n the unconsolidated deposits 

(upper groundwater system) occurs a t a depth of 0.6 t o 3.0 m (2 t o 

10 f t ) . Wells i n the upper groundwater system are screened a t 

depths ranging from 1.5 t o 4.6 m (5 t o 15 f t ) . 

6.1.2 Groundwater Q u a l i t y and Usage 

Water q u a l i t y i n the unconsolidated deposits i n the MSP area i s 

re p o r t e d l y good. . Most chemical concentrations are low, but water 

q u a l i t y v a r i e s according t o the composition of the sediments. The 

Brunswick Formation i s a major a q u i f e r i n the western -part of 

Middlesex County and i n a d j o i n i n g Essex County. i t g e n e r a l l y 

produces very .hard water 'that i s also high i n t o t a l d i s s o l v e d 

s o l i d s and i s s l i g h t l y a l k a l i n e , and the q u a l i t y of water from the 

.Brunswick Formation v a r i e s g r e a t l y w i t h l o c a l i t y and depth. I n 
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general, water obtained from nearer the surface i s of better 

quality (Geraghty and Mi l l e r 1976). ' Table 6-1 presents analyses of 

selected samples of groundwater from both the unconsolidated 

deposits (upper groundwater system) and the Brunswick Formation 

(lower groundwater system) i n the Middlesex region. 

A w e l l canvass of the area w i t h i n a 4.8-km (3-mi) radius of MSP 

conducted i n 1987 and 1988 y i e l d e d records f o r 74 w e l l s d r i l l e d 

between 1954 and 1984. S i x t y - n i n e of these w e l l s were d r i l l e d t o 

obt a i n water f o r domestic purposes. None of these p r i v a t e w e l l s 

supplied water s p e c i f i c a l l y f o r d r i n k i n g , and no p u b l i c water 

supply w e l l s were i d e n t i f i e d d u r i n g the w e l l canvass. 

6.2 GROUNDWATER MONITORING 

6.2.1 Methods 

The hydrogeological i n t e r p r e t a t i o n s presented here are based on 

groundwater l e v e l s measured i n 14 m o n i t o r i n g w e l l s d u r i n g 1990 

Groundwater l e v e l s were measured weekly using an e l e c t r i c downhole 

probe water l e v e l i n d i c a t o r . Groundwater m o n i t o r i n g w e l l s 

(Figure 6-1) were i n s t a l l e d a t the MSP s i t e i n two phases by 

Roy F. Weston, Inc.-Phase I i n 1980 and Phase I I i n 1981 A 

summary of w e l l c o n s t r u c t i o n d e t a i l s i s shown m Table 6-2 

Examples of w e l l c o n s t r u c t i o n d e t a i l s are provided m Appendix E 

Further i n f o r m a t i o n on s i t e geology, hydrogeology, and w e l l 

i n s t a l l a t i o n methods can be found i n Weston (1980). 

Water l e v e l measurements from m o n i t o r i n g w e l l s are used t o 

prepare two types of graphic e x h i b i t s (hydrographs and 

po t e n t i o m e t r i c surface maps) t h a t show h y d r o g e o l o g i c a l ' c o n d i t i o n s 

at the s i t e . Hydrographs are l i n e graphs t h a t d i s p l a y changes i n 

water l e v e l s f o r each mon i t o r i n g w e l l throughout the year 

(Appendix E). The MSP hydrographs also i n c l u d e bar graphs of 

U.S. Weather Service p r e c i p i t a t i o n records f o r the Middlesex area 

as an a i d i n evaluating the i n f l u e n c e of p r e c i p i t a t i o n on water 

l e v e l behavior. * 
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TABLE 6-1 

SELECTED ANALYSES OF GROUNDWATER FROM 

THE MIDDLESEX REGION8 

Parameter 

Chloride ( c i ) 

S u l f a t e (SOJ 

N i t r a t e (N03) 

Tot a l Dissolved Solids 

A l k a l i n i t y (CaCo3) 

PH 

Ir o n (Fe) 

Manganese (Mn) 

Tot a l Hardness (CaCO,) 

-TT Range o f A n a l v t - i r ^ i 1 f _ h 

Uppei Groundwater Lower G r o S s ^ 
Svstem MQ-7-M ~ r groundwater 
system (1971) System (1957-1973) 

14-3 2 (2) 

5-72 (2) 

16.7-17.3 (2) 

76-370 (2) 

16-180 (2) 

6.2-7.4 (2) 

0.09-0.3 (2) 

40-328 (2) 

aData from Geraghty and M i l l e r (1976) 

? ™ 9 / L e * C e p t f o r P" (standard u n i t s ) 
represent number of samples t a k e n ' 
Not analyzed f o r . 

5.0-38 (19) 

12-784 (17) 

0-0-24 (15) 

210-3700' (18) 

38-209 (19) 

6.3-8.0 (21) ' 

0-02-5.0 (16) 

0-0.55 (16) 

82-1620 (20) 

Numbers i n parentheses 
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Figure 6-1 
Monitoring Wells Used for Water Level Measurements at MSP in 1990 
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TABLE 6-2 

MSP MONITORING WELL CONSTRUCTION SUMMARY* 

. Well 
Number 

Completion 
Date 

T o t a l 
Depth 

[m ( f t ) ] 

Monitored or Screened 
I n t e r v a l 

Below Ground 
[m-m ( f t - f t ) ] 

Construction 
Material" 

Phase I Wells 
1 May 1980 3.05 (10.0) 1.1 - 3.05 (3.5-10.0) PVC 
1A May 1980 15.3 (50.0) Openc 

PVCd 

3 May 1980 3.05 (10.0) 0.30 - 3.05 (1.0-10.0) PVC 
3A May 1980 15.3 (50.0) Openc 

PVC" 
4 May 1980 3.05 (10.0) 0.50 - 3.05 (1.5-10.0) PVC 
4A May 1980 9.2 (30.0) Openc 

PVCd 

5 May 1980 3.05 (10.0) 1.1 - 3.05 (3.5-10.0) PVC 
o May 1980 3.05 (10.0) 0.0 - 3.05 (0.0-10.0) PVC 
11 May 1980 3.05 (10.0) 0.30 - 3.05 (1.0-10.0) PVC 
12 May 19-80 3.05 (10.0) 0.30 - 3.05 (1.0-10.0) PVC 
13' May 1980 3.05 (10.0) 0.9 - 3.05 (3.0-10.0) PVC 
14e May 1980 4.6 (15.0) 1.2 - 4.6 (4.0-15.0) PVC 
15' May 1980 1.5 (5.0) 0.0 - 1.5 (0.0-5.0) PVC 

Phase I I Wells 
20D J u l y 1981 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC 
20S J u l y 1981 3.05 (10.0) 0.90 - 3.05 (3.0-10.0) PVC 
21D J u l y 1981 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC 
21S Jul y 1981 3.05 (10.0) 0.9 - 3.05 (3.0-10.0) PVC 
22D£ J u l y 1931 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC 
23D£ J u l y 1931 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC 

"Wells i n s t a l l e d by Roy F. Weston, Inc. 

"PVC - p o l y v i n y l c h l o r i d e . 

cOpenat t o t a l depth; no documentation f o r top of open i n t e r v a l . 

aPVC conductor i n overburden; open hole i n bedrock. 

'Water l e v e l not measured i n 1990. 

: Water l e v e l measured only i n December 1990. 

NOTE: Water l e v e l e l e v a t i o n s f o r w e l l s monitored i n 1990 are shown 
i n Appendix E. 
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The amount of slope (gradient) and f l o w d i r e c t i o n of the MSP 

groundwater system were determined from p o t e n t i o m e t r i c surface 

(water l e v e l ) maps. These maps are prepared by p l o t t i n g water 

l e v e l measurements f o r selected dates ( r e p r e s e n t a t i v e of a l l f o u r 

seasons) on a base map and contouring t he values. 

6.2.2 Results and Conclusions 

A l l the hydrographs prepared f o r water l e v e l s measured i n 1990 

are shown i n Appendix E. Conclusions der i v e d from these 

hydrographs and from the p o t e n t i o m e t r i c surface maps are presented 

m the f o l l o w i n g sections. 

Upper Groundwater System 

Hydrographs of wells screened i n the upper groundwater system 

do not show a seasonal v a r i a t i o n i n water l e v e l s . This confirms 

observations made i n 1989 (BNI 1990). Water l e v e l s i n many of the 

we l l s appear t o act s i m i l a r l y , but they do not appear t o be 

d i r e c t l y r e l a t e d t o p r e c i p i t a t i o n events. 

The general flow p a t t e r n f o r groundwater i n the upper system at 

MSP xs t o the south (Figures 6-2 through 6-5). Flow m t h i s system 

i s mrluenced by a leaky conduit, t h a t runs from n o r t h t o south 

underneath the s i t e . The generalized groundwater flow g r a d i e n t was 

0.01. A l l f l o w gradients were c a l c u l a t e d using the southern flow 

d i r e c t i o n . Both the flow d i r e c t i o n and gr a d i e n t were s i m i l a r t o 

those determined f o r 1989 (BNI 1990). 

Lower Groundwater System 

Hydrographs of wells screened i n the lower groundwater systems 

also do not show a seasonal v a r i a t i o n m w a t e r . l e v e l s , probably 

because of the lack of . p r e c i p i t a t i o n d u r i n g the normallv w e t t e r 

months. This confirmed observations made i n 1989 (BNI 1990) 

Except f o r w e l l 1A, water l e v e l s appear t o act s i m i l a r l v i n each 

w e l l . Water l e v e l s do not appear t o be responsive t o 

p r e c i p i t a t i o n . 



WILLIAM STREET 

(-> MONITORING WELL IN UPPER 
SCALE • ^ GROUNDWATER SYSTEM 

ION 

^ DIRECTION OF GROUNDWATER FLOW 

- 4 8 — : FT CONTOURS. IN FEET ABOVE MEAN SEA LEVEL 

*a.96 WATER LEVEL ELEVATION, IN FEET A80VE MEAN SEA LEVEL 

! ! SFO! 3. OCN Fl 

Figure 6-2 
Potentiometric Surface Map of Upper Groundwater System at MSP (1/10/9C 
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Figure 6-3 
Potentiometric Surface Map of Upper Groundwater System at MSP (3/14/90) 
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Figure 6-4 
Potentiometric Surface Map of Upper Groundwater Syste m at MSP (6/15/90) 
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Figure 6-5 
Potentiometric Surface Map of Upper Groundwater System at MSP (9/20/90) 
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The general flow pattern at MSP i s toward the center of the 

s i t e (Figures 6-6 through 6-9). Groundwater from the southern end 

of the s i t e drains to the northeast, whereas groundwater from the 

northern end of the s i t e drains to the southeast. The generalized 

groundwater flow gradient to the southeast was 0.03, and the 

generalized flow gradient to the northeast was 0.024. The value 

calculated f o r flow to the northeast f o r 1990 was s i m i l a r to that 

calculated f o r flow to the northeast i n 1989 (BNI 1990) 

Groundwater levels from the northern end. of MSP were not collected 

in 1989. 
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Figure 6-7 
Potentiometric Surface Map of Lower Groundwater System at MSP (3/14/90) 
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Figure 6-8 
Potentiometric Surface Map of Lower Groundwater System at MSP (6/15/90) 
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7.0 QUALITY ASSURANCE 

A comprehensive quality assurance (QA) program involving 

sampling, data management, and analysis i s maintained to ensure 

that the data reported are representative of actual concentrations 

in the environment. The QA program meets the requirements of 

DOE Order 5700.6B and ANSI/ASME NQA-1. 

QA sampling requirements are ensured through the f o l l o w i n g : 

• Samples a t a l l l o c a t i o n s are c o l l e c t e d using established 

procedures as o u t l i n e d i n the FUSRAP I n t e g r a t e d 

Environmental Monitoring I n s t r u c t i o n Guide, 191-00-IG-003 

• The sampling program design provides f o r t r i p blanks, matrix 

spike and spike d u p l i c a t e s , f i e l d blanks ( d a i l y ) , and 

q u a l i t y c o n t r o l (QC) d u p l i c a t e sampling (minimum of 1 i n 20) 

• Chain-of-custody procedures are performed t o maintain 

t r a c e a b i l i t y of samples and corresponding a n a l y t i c a l r e s u l t s 

Data management QA i s achieved through: 

• Completion and recording of parameter-specific data review 

c h e c k l i s t s f o r each a n a l y s i s r e p o r t 

• Use of c a l c u l a t i o n sheets f o r documenting computations 

• Double checking and concurrence on c a l c u l a t i o n s 

By the o r i g i n a t o r 

By an independent, equally q u a l i f i e d second partv 

• Report preparation and presentations 

System QA audits are conducted by Bechtel N a t i o n a l , Inc. (BNI) 

FUSRAP p r o j e c t QA personnel t o v e r i f y adherence t o l a b o r a t o r y 
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procedures and t o evaluate the appropriateness and e f f e c t i v e n e s s of 

the procedures. Audit team leaders and a u d i t o r s are t r a i n e d and 

c e r t i f i e d i n accordance w i t h p r o j e c t procedures. Technical 

s p e c i a l i s t s p a r t i c i p a t e as a u d i t o r s under t h e d i r e c t i o n of the 

a u d i t team leader when warranted by the nature of the a c t i v i t i e s 

being a u d i t e d . Audit r e p o r t s are prepared f o r each a u d i t 

conducted, and aud i t f i n d i n g s t h a t r e q u i r e c o r r e c t i v e a c t i o n and 

followup are documented, trac k e d , and resolved, as v e r i f i e d by the 

p r o j e c t QA supervisor. 

Routine radioanalyses are performed under subcontract by Thermo 

A n a l y t i c a l / E b e r l i n e (TMA/E), Albuquerque, New Mexico. This 

l a b o r a t o r y p a r t i c i p a t e s i n the c o l l a b o r a t i v e t e s t i n g and 

m t e r l a b o r a t o r y comparison program w i t h EPA a t Las Vegas, Nevada, 

m t h i s program, samples of various environmental media (water, 

m i l k , a i r f i l t e r s , and s o i l ) c o n t a i n i n g one or more r a d i o n u c l i d e s 

i n known amounts are prepared and d i s t r i b u t e d t o p a r t i c i p a t i n g 

l a b o r a t o r i e s . A f t e r a n a l y s i s , r e s u l t s are forwarded t o EPA f o r 

comparison w i t h known values and w i t h the r e s u l t s from other 

l a b o r a t o r i e s . This program enables the l a b o r a t o r y t o r e g u l a r l y 

evaluate the accuracy of i t s analyses and take c o r r e c t i v e a c t i o n , 

i f needed. Table 7-1 summarizes r e s u l t s of the comparison studies 

f o r water samples. TMA/E also p a r t i c i p a t e s i n the DOE 

Environmental Measurements Laboratory i n t e r l a b o r a t o r y q u a l i t y 

assessment program. This program consists of r e c e i v i n g and 

analyzing environmental samples ( a i r f i l t e r s , water, and s o i l ) on a 

q u a r t e r l y basis f o r s p e c i f i c radiochemical analyses (Table 7-2). 

I n t e r l a b o r a t o r y comparison of the TETLD r e s u l t s i s provided by 

p a r t i c i p a t i o n i n the I n t e r n a t i o n a l Environmental Dosimeter P r o j e c t 

sponsored j o i n t l y by DOE, EPA, and the Nuclear Regulatory 

Commission. 

Chemical analyses are performed under subcontract by Weston 

A n a l y t i c a l Laboratory, L i o n s v i l l e , Pennsylvania. Weston's standard 

p r a c t i c e s manual has been reviewed and accepted by BNI. Weston 

maintains an i n t e r n a l QA program and i s audited by BNI FUSRAP 

personnel on a semiannual basis. The i n t e r n a l QA program involves 

the f o l l o w i n g f o r inorganic chemical analyses: 
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TABLE 7-1 

SUMMARY COMPARISON OF WATER SAMPLE RESULTS8,b 

(EPA and TMA/E) 

Analysis and 
Sample Date EPA 

Value .pci /T.) 
TMA/E 

Aloha 
1/90 12.0 + 5 . 0 
4/90 90 12. 
5/90 22.0 + 6.0 
9/90 10. 0 + 5.0 

B e t a 
1/90 12. 0 + 5.0 
4/90 52.0 + 5 . 0 
5/90 15. 0 -r 5 . 0 
9/90 10. 0 ± 5 . 0 
Ra-226 
3/90 4.9 + 0 . 7 
4/90 5.0 ± 0 . 8 
7/90 12.1 ± 1.8 
9/90 12.1 ± 1.8 
Ra-228 
3/90 12.7 ± 1.9 
4/90 10.2 ± 1.5 
9/90 5.1 ± 1.2 

U ( N a t u r a l ) 
3/90 4 . 0 ± 6 . 0 
4/90 20.0 ± 6 . 0 
7/90 20.8 + 3 . 0 

Ratio 
(TMA/E:EPA)d 

9.33 + 1.5 0.78 
96 + 12 1. 07 
26.3 + 2 . 3 1.20 
1 1 . 0 + 1.0 1.10 

1 1 . 7 2 . 1 0 .98 
46.0 + 6.0 0 . 88 
15 . 0 + 1.0 1.0 
11.0 1.0 1.10 

6 . 1 + 0.4 1.24 
2 . 8 + 0.1 0.56 

10. 1 + 0.1 0.84 
10. 1 + 0.1 0.84 

15. 9 + 0.4 1.25 
10.5 + 1.5 1.03 
4 . 9 + 1.2 0.96 

4 . 0 
18 . 7 
19 . 8 

± 0.0 
± 1.5 
± 1.1 

1. 0 
0 . 94 
0.95 

"Results from EPA I n t e r l a b o r a t o r y Comparison Program. 

"Samples were f o r comparison only and not s i t e - s p e c i f i c . 

= 1 pCi/L i s equivalent t o 0.037 Bq/L. 

"This r a t i o can be used t o determine the accuracy of TMA/E's 
a n a l y t i c a l procedure's. 
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TABLE 7-2 

SUMMARY COMPARISON OF AIR, SOIL, AND WATER SAMPLE RESULTS8,b 

(EML and TMA/E) 

Sample Analysis Value Ratio 
(TMA/E:EML)c Type (09/07/90) EML TMA/E 

Ratio 
(TMA/E:EML)c 

A i r ( B q / f i l ) 
A i r ( B q / f i l ) 

• U-234 
U-238 

0. 013 
0. 013 

0.022 ± 0. 
0.021 ± 0. 

012 
012 

1. 69 
1. 62 

y s o i l (Bq/kg) 
S o i l (Bq/kg) 

U-234 
U-238 

r 28.3 
27 . 3 

23.9 ± 1. 
23.4 ± 1. 

1 
0 

0.85 
0.86 

Water (Bq/L). 
Water (Bq/L) 

U-234 
U-238 

0.236 
0 .244 

0.232 ± 0. 
0.250 ± 0. 

019 
041 

0. 98 
1. 03 

^ J t 1 ^ 3 f r ° m t h e D 0 E Environmental Measurements Laboratory 
(EML) i n t e r l a b o r a t o r y q u a l i t y assessment program. 

bSamples were f o r comparison only and not s i t e - s p e c i f i c . 

cThis r a t i o can be used t o determine the accuracy of TMA/E's 
a n a l y t i c a l procedures. 
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• i n i t i a l c a l i b r a t i o n and c a l i b r a t i o n v e r i f i c a t i o n 

• c o n t i n u i n g c a l i b r a t i o n v e r i f i c a t i o n 

• Reagent blank analyses 

• M a t r i x spike analyses 

• Duplicate sample analyses 

• Laboratory c o n t r o l sample analyses 

• I n t e r l a b o r a t o r y QA/QC 

For organic chemical analyses the QA program i n v o l v e s : 

• Gas chromatography/mass spectrometry i n s t r u m e n t a t i o n f o r 

both v o l a t i l e and s e m i v o l a t i l e compound a n a l y s i s 

• I n i t i a l m u l t i l e v e l c a l i b r a t e f o r each Target Compound L i s t 
(TCL) compound 

• M a t r i x spike analyses 

Reagent blank analyses 

I n t e r l a b o r a t o r y QA/QC 

Continuing c a l i b r a t i o n f o r each TCL compound 

• A d d i t i o n of.surrogate compounds t o each sample and blanks 

f o r determining percent recovery i n f o r m a t i o n 

C u r r e n t l y , Weston p a r t i c i p a t e s i n d r i n k i n g water, wastewater 

and/or hazardous waste c e r t i f i c a t i o n programs and i s c e r t i f i e d (or 

pending) i n 35 such s t a t e programs. Continuing c e r t i f i c a t i o n 

hinges upon Weston's a b i l i t y t o pass r e g u l a r performance e v a l u a t i o n 

t e s t i n g . 

Weston's QA program also includes an independent overview by 
i t s p r o j e c t QA coordinator. 
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METHODOLOGY FOR STATISTICAL 

ANALYSIS OF DATA 

Average annual concentrations are calculated by averaging the 
results of a l l four quarters of sampling, when possible, sampling 
results are compiled i n computer spreadsheets and the minimum 
maximum, and average values are calculated f o r a l l quarters of 
data. 

Miniums and maximums are derived by comparing sampling results 
and determining the lowest and highest f o r the year. An example i s 
given below. * 

Sampling Location -
Quarter Minimum 

Value 
Maximum 
Value 

Sampling Location - 1 2 3 4 
Minimum 
Value 

Maximum 
Value 

1 13 7 12 5 5 13 

Because 5 pci/L i s less than any other r e s u l t , i t i s entered 
into the minimum value column; 13 pci/L, the greatest r e s u l t 
reported, i s entered i n t o the maximum value column. 

Average annual concentrations are calculated by adding the 
results for the year and di v i d i n g by the number of quarters for 
which data have been taken and reported (usually f o u r ) . An example 
is given below. 

F i r s t , results reported f o r the year are added. 

13 + 7 + 12 + 5 = 37 

Next, the sum of a l l results i s divided by the number of 

quarters for which data were taken and reported. m t h i s example 

there were data for a l l four quarters. 

37 4 = 9.25 
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Because there are two single-digit numbers (5 and 7), the result i s 
rounded to 9 (number of significant figures i s l ) . This value i s 
entered into the average value column. 

Sampling Location 
Quarter Average 

Value Sampling Location 1 2 3 4 
Average 
Value 

1 13 7 12 5 9 

Expected concentration ranges are calculated t o provide a basis 

for trend analysis of the data. These expected ranges are 

calculated by taking the average of the annual average 

concentrations for the past f i v e years (when possible) and 

calculating a standard deviation f o r these data. The lower 

expected range xs calculated by subtracting two standard deviations 

from the average value, and the upper range i s calculated by adding 

two standard deviations to the average values. An example of these 

calculations i s shown below. 

Sampling 
Location 

— — - >-~ Vb"~-L 

Yenr Average 
Value 

Standard 
Deviation 

Sampling 
Location 1986 1987 1988 1989 1990 

Average 
Value 

Standard 
Deviation 

1 10 5 14 8 5 8 4 

The formula for calculation of the standard deviation of a 
sample x i , . . . , xn i s : 

S E to - W 
n - 1 

Where S = Standard deviation 

x. = Individual values 

x = Average of values 

h = Number of values 
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n S i X ( X , - X ) fx, - xV 
1 10 8.4 1.6 2 . 6 
2 5 8.4 - 3 . 4 1 1 . 5 6 
3 14 8.4 5 .6 3 1 . 3 6 . 
4 8 8.4 - 0 . 4 0 .16 
5 5 8.4 . - 3 . 4 ' 11 .56 

- = 57.24 

S = 57 .24 57 . 24 v/14 .31 = 3.78, 

which rounds t o 4 because the r e i s only one s i g n i f i c a n t f i g u r e . 

The c a l c u l a t i o n f o r the expected ranges f o r t h i s example i s 

shown below. 

Lower expected range: 

Upper expected range: 

s i g n i f i c a n t f i g u r e ) 

8 - 2 ( 4 ) = 0 

8 + 2(4) = 20 (rounded t o one 

Annual average values f o r the c u r r e n t year are compared w i t h 

these ranges t o i n d i c a t e a poss i b l e anomaly or t r e n d . I f a 

d i s c e r n i b l e t r e n d i s found from t h i s comparison, the data are 

presented i n the appropriate s e c t i o n of the r e p o r t . 
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POPULATION EXPOSURE METHODOLOGY 

DOSE CALCULATION METHODOLOGY 

DOE Order 5400.5 req u i r e s t h a t t he impacts of the s i t e on both 

the h y p o t h e t i c a l maximally exposed i n d i v i d u a l and the po p u l a t i o n 

w i t h i n 80 km (50 mi) of the s i t e be evaluated. For r a d i o a c t i v e 

materials,^ t h i s e v a l u a t i o n i s u s u a l l y conducted by c a l c u l a t i n g the 

dose received by a h y p o t h e t i c a l maximally exposed i n d i v i d u a l and 

the general population and comparing t h i s dose w i t h DOE g u i d e l i n e s . 

This appendix describes the methodology used t o c a l c u l a t e the doses 

given i n Subsection 4.2. 

PATHWAYS 

The purpose of the dose c a l c u l a t i o n i s t o i d e n t i f y the 

p o t e n t i a l routes or pathways t h a t are a v a i l a b l e t o t r a n s m i t e i t h e r 

r a d i o a c t i v e m a t e r i a l or i o n i z i n g r a d i a t i o n t o the receptor. I n 

general, the pathways are (1) d i r e c t exposure t o gamma r a d i a t i o n , 

(2) atmospheric t r a n s p o r t of r a d i o a c t i v e m a t e r i a l , (3) t r a n s p o r t of 

r a d i o a c t i v e m a t e r i a l v i a surface water or groundwater, 

(4) bioaccumulation of r a d i o a c t i v e m a t e r i a l s i n animals used as a 

food source, and (5) uptake of r a d i o a c t i v e m a t e r i a l s i n t o p l a n t s 

used as a food source. For FUSRAP s i t e s , the primary pathways are 

d i r e c t gamma r a d i a t i o n and t r a n s p o r t of r a d i o a c t i v e m a t e r i a l s by 

the atmosphere, groundwater, and surface water. The others are not 

considered primary pathways because FUSRAP s i t e s are not located i n 

areas where s i g n i f i c a n t sources of l i v e s t o c k are r a i s e d or 

f o o d s t u f f s are grown. 

Gamma rays can t r a v e l u n t i l they expend a l l t h e i r energy i n 

molecular or atomic i n t e r a c t i o n s . I n general, these distances are 

not very great and the exposure pathway would a f f e c t only the 

maximally exposed i n d i v i d u a l . 

Contamination t r a n s p o r t e d v i a the atmospheric pathway takes the 

form of contaminated p a r t i c u l a t e s or dust and can provide a 
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potential dose only when i t i s inhaled. Doses from radon are 

intentionally excluded; radon exposure i s controlled through 

compliance with boundary concentration requirements. 

Contamination i s transported i n surface water when runoff from 

a r a i n f a l l event or some other source of overland flow c a r r i e s 

contamination from the s i t e to the surface water system. This 

contamination only poses an exposure problem when the surface water 

i s used to provide municipal drinking water or to water livestock 

and/or to i r r i g a t e crops. Contamination i s transported v i a 

groundwater when.contaminants migrate into the groundwater system 

and there i s a potential receptor. 

Primary Radionuclides of Concern 

The primary r a d i o n u c l i d e s of concern f o r these c a l c u l a t i o n s are 

uranium-238, uranium-2 35, uranium-234, thorium-2 32, radium-22 6, and 

the daughter products (excluding radon). For several of the dose 

conversion f a c t o r s used i n these c a l c u l a t i o n s , the c o n t r i b u t i o n s of 

the daughters w i t h h a l f - l i v e s less than one year are included w i t h 

the parent r a d i o n u c l i d e . Table B-l l i s t s the p e r t i n e n t 

r a d i o n u c l i d e s , t h e i r h a l f - l i v e s , and dose conversion f a c t o r s f o r 

i n g e s t i o n . 

DOSE CALCULATION METHOD 

Direct Exposure 

As p r e v i o u s l y i n d i c a t e d , d i r e c t exposure i s only important i n 

c a l c u l a t i n g the dose t o the h y p o t h e t i c a l maximally exposed 

i n d i v i d u a l . The dose from d i r e c t gamma exposure i s determined by 

using data c o l l e c t e d through the TETLD program (described i n 

Section 4.0). These data provide a measure of the amount and 

energy ,(in u n i t s of mR/yr) of the i o n i z i n g r a d i a t i o n a t 1 m (3 f t ) 

above the ground. For the purposes of t h i s r e p o r t , i t i s assumed 

t h a t the maximally exposed i n d i v i d u a l l i v e s 30 m (100 f t ) from the 

s i t e and spends 80 percent of h i s time a t the residence. 
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TABLE B-l 

RADIONUCLIDES OF INTEREST 

Radionuclide H a l f - l i f e 3 
Dose Conversion Factor* 
for Ingestion (mrem/pci) 

Uranium-238 4.51E+9 years 2.5E-4 
Thorium-2 34 24.1 days _ _ c 

Protactinium-2 3 4 m 1.17 minutes 

Protactinium-2 3 4 6.75 hours 
Uranium-2 3 4 4.4 7E+5 years 2.6E-4 
Thorium-2 3 0 8.0E+4 years 5.3E-4 
Radium-226 1602 years . 1.1E-3 
Uranium-2 3 5 7.1E+8 years 2.5E-4 
Thorium-2 31 25.5 hours — — -

Protactinium-231 3.25E+4 years 1.1E-2 
Actinium-227 21.6 years 1.5E.-2 
Thorium-227 18.2 days __e 

Radium-223 11.4 3 days — — e 

Thorium-2 32 1.41E+10 years 2.8E-3 
Radium-228 6.7 years 1.2E-3 
Actinium-228 6.13 hours e 

Thorium-228 1.91 years 7.5E-4 

"Source: R a d i o l o g i c a l Health Handbook (HEW 1970). 

'Source: Federal Guidance Renort No. 11, L i m i t i n g Values of 
Radionuclide Intake and A i r Concentrations and DORP 
Conversion Factors f o r I n h a l a t i o n Submersion 
(EPA-520/1-88-020) and I n t e r n a t i o n a l DORP Conversion 
Factors f o r C a l c u l a t i o n of Dose t o the Puhlir-
( D O E / E H - 0 0 7 1 ) . " " 

i n c l u d e d i n the uranium-238 dose conversion f a c t o r . 

"•Included i n the uranium-235 dose conversion f a c t o r . 

"Included i n the actinium-227 dose conversion f a c t o r . 

•Included i n the radium-228 dose conversion f a c t o r . 
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Therefore, the dose from d i r e c t gamma r a d i a t i o n to the 
hypothetical maximally exposed i n d i v i d u a l i s 2.6 mrem/yr 
(0.026 mSv/yr). 

This exposure scenario should provide a very conservative 
estimate of the dose from d i r e c t gamma exposure t o the hypothetical 
maximally exposed i n d i v i d u a l . 

Surface Water 

Exposures from contaminants i n surface water are important i n 

calculating the dose to both the hypothetical maximally exposed 

individual and the nearby population. The data used to support the 

surface water'dose calculation consist of measurements of 

concentrations of contaminants i n surface water at the s i t e and of 

the amount of d i l u t i o n provided by t r i b u t a r i e s or r i v e r s between 

the s i t e and the intake. Thus, the dose to the maximally exposed 

individual can be calculated by the following: 

N 

Ds = J2 c i x ( F s * Fi) * Ua x DCFi 

Where Ds = Committed e f f e c t i v e dose from surface ̂  
Ci 

Fs 

Fi 

Ua 

water 
Concentration of the i t h radionuclide m surface 
water at the s i t e 

Average annual flow of surface water at the s i t e 

Average flow of surface water at the intake 

Annual consumption of l i q u i d (approx. 730 L/yr) 

DCFi = Dose conversion factor f o r the i t h radionuclide 

To determine the dose to the population, the same equation 

would be used and the dose would be m u l t i p l i e d by the population 

group served by the drinking water supply. i t i s important to note 

that for the population dose, the intake point i s probably not the 

same as that for the maximally exposed i n d i v i d u a l . 



The approach outlined above should provide a very conservative 
dose calculation for the surface water pathway because i t does not 
account for radionuclides settling out or for any municipal water 
treatment. 

Groundwater 

Exposures from contaminants i n groundwater are important i n • 

calculating the dose to both the hypothetical maximally exposed 

ind i v i d u a l and the nearby population. The data used to support the 

groundwater dose calculations consist of measurements of the 

concentration of the contaminants i n groundwater and an estimate of 

the d i l u t i o n that occurs between the measurement location and the 

intake point. The dose for the maximally exposed indiv i d u a l can be 

calculated by using the following equation: 

Dgw = (Ci) x (D) x (Ua) x (DCFi) 
i = i 

Where Dgw = Committed e f f e c t i v e dose from groundwater 

Ci = Concentration of the i" h radionuclide i n 

groundwater at the s i t e 

D = Estimated d i l u t i o n factor 

Ua = Annual consumption of water (approx. 730 L/yr) 

DCFi = Dose conversion factor for the i' h radionuclide 

To determine the dose to the population, the same equation 

would be used and the dose would be m u l t i p l i e d by the population 

group served by the drinking water supply. i t i s important to note 

that the population intake point i s usually d i f f e r e n t from that of 

the maximally exposed i n d i v i d u a l . 

The approach given above should provide a conservative dose 
calculation f o r the groundwater pathway because i t does not account 
for any water treatment. 
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Atmospheric 

The dose to the hypothetical maximally exposed i n d i v i d u a l from 

p a r t i c u l a t e radionuclides transported v i a the atmospheric p a t h ! " 

i. calculated using EPA's computer model AIRDOS. Doses to the 

general public v i a t h i s pathway are also calculated using AIRDOS 

fo r an in d i v i d u a l 8 km ,5 mi, from the s i t e , and the r e s u l t i n g dose 

is then m u l t i p l i e d by the population w i t h i n 80 km (50 mi, 

The release of particulates was calculated using a model f o r 

wind erosion because there were no other mechanisms f o r releasing 

particulates from the s i t e . The wind erosion model used w a ^ t a k L 

from the DOE "Remedial Action P r i o r i t y System Mathematical 

Formulation." The input int o the model consisted of s i t e - s p e c i f i c 

average s o i l concentrations, l o c a l meteorological data 

(Section 1.0), and areas of contamination. 

• The s i t e was modeled as two areas: the int e r i m storage p i l e s 

and the remainder of the s i t e . Assumptions used i n the calculation 

model were ( l , an assumed p a r t i c l e size of 0.05 mm, ( 2, the p i l e 

cover i s modeled assuming tha t the contamination i s 99 percent ' 

covered by vegetation, and (3, there were very few mechanical 

disturbances at the s i t e per month. 
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APPENDIX C 

ENVIRONMENTAL STANDARDS 



ENVIRONMENTAL STANDARDS 

The DOE long-term r a d i a t i o n protection standard of 100 mrem/yr 

in excess of background l e v e l includes exposure from a l l pathways 

except medical treatments and exposures from radon (DOE 1990b). 

Evaluation of exposure pathways and r e s u l t i n g dose calculations are 

based on assumptions such as the use of occupancy factors i n 

determining dose due to external gamma r a d i a t i o n ; subtraction of 

background concentrations of radionuclides i n a i r , water, and s o i l 

before c a l c u l a t i n g dose; closer review of water use, using the data 

that most closely represent actual exposure conditions rather than 

maximum values as applicable; and using average consumption rates 

of food and water per i n d i v i d u a l rather than maximums. Use of such 

assumptions results i n calculated doses tha t more accurately 

r e f l e c t the exposure p o t e n t i a l from s i t e a c t i v i t i e s . 

DERIVED CONCENTRATION GUIDELINES 

As referenced i n Section 2.0, DOE orders provide the standards 

for radionuclide emissions from DOE f a c i l i t i e s . DOE Order 5400.5, 

"Radiation Protection of the Public and the Environment," provides 

the procedures and requirements f o r radionuclide releases. 

Applicable standards are found i n Chapter I I I of DOE 

Order 5400.5 and are set as derived concentration guidelines 

(DCGs). A DCG i s defined as the concentration of a radionuclide i n 

a i r or water t h a t , under conditions of continuous exposure fo r one 

year by one exposure mode (e.g., ingestion of water, i n h a l a t i o n ) , 

would r e s u l t i n an e f f e c t i v e dose equivalent of 100 mrem. The 

following table provides reference values for conducting 

ra d i o l o g i c a l environmental protection programs at operational DOE 

f a c i l i t i e s and s i t e s . 
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Radionuclide 
F l 

Value 3 

Ingested 
Water 
DCG 

(MCi/ml) 
Inhaled A i r DCGK* Radionuclide 

F l 
Value 3 

Ingested 
Water 
DCG 

(MCi/ml) D W v 

Radium-226 2E-1 1E-7 — 1E-12 
Thorium-230 2E-4 3E-7 — 4E-14 ' 5E-14 

" 232 2E-4 5E-8 — 7E-15 1E-14 
Uranium-2 3 4 2E-3 5E-6 — 9E-14 

" 235 2E-3 5E-6 — 
1E-13 

" 238 2E-3 6E-6 — 1E-13 
Radon-222c 3E-9 3E-9 — — . 3E-9 

" 220 c 3E-9 3E-9 — • — 3E-9 

a F l i s defined as the g a s t r o i n t e s t i n a l t r a c t absorption factor 
This measures the uptake f r a c t i o n of ingestion of a radionuclide 
into the body. 

°lnhaled a i r DCGs are expressed as a function of time. D, W and Y 
represent a measure of the time required f o r contaminants to be 
removed from the system (D represents 0.5 day; W represents 
50 days; and Y represents 500 days). 

cDOE is reassessing the DCGs for radon. U n t i l review i s completed 
and new values issued, the values given i n the chart above w i l l 
be used for releases from DOE f a c i l i t i e s . 
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SOIL GUIDELINES * 

Guidelines f o r r e s i d u a l r a d i o a c t i v i t y i n s o i l e s t a b l i s h e d f o r 
FUSRAP are shown below. 

Radionuclide 

Radium-226 
Radium-228 
Thorium-23 0 
Thorium-2 3 2 

Other 
Radionuclides 

S o i l Concentration (pCj /g ) Above Backgrm-mri 

5 PCi/g, averaged over the f i r s t 15 cm of s o i l 
below the surface; 15 pCi/g when averaged over 
any 15-cm-thick s o i l l a y e r below the surface 
l a y e r . 

S o i l g u i d e l i n e s w i l l be c a l c u l a t e d on a 
s i t e - s p e c i f i c basis using the DOE manual 
developed f o r t h i s use. 

*source: U.S. Department of Energy, "Guidelines f o r Residual 

Radioactive M a t e r i a l a t Formerly U t i l i z e d S i t e s Remedial A c t i o n 

Program and Surplus F a c i l i t i e s Management Program S i t e s , " 

Revision 2, March 1987. 

POTENTIAL STATE ARARS 

The f o l l o w i n g l i s t of New Jersey laws and r e g u l a t i o n s have been 

i d e n t i f i e d as p o t e n t i a l ARARs f o r the management of MSP. Where 

d i f f e r e n c e s between s t a t e and f e d e r a l requirements e x i s t , the more 

r e s t r i c t i v e requirement w i l l apply. 

P o t e n t i a l ARAR 

New Jersey Environmental 
Cleanup R e s p o n s i b i l i t y Act, 
T i t l e 13, New Jersey Statutes 
Annotated (NJSA), Chapter IK, 
Subchapter 6 (13:lK-6 e t seq.) 

Requirement 

Provides r u l e s f o r the o r d e r l y 
c l o s i n g of operations and 
t r a n s f e r of r e a l p r o perty 
u t i l i z e d f o r the generation, 
handling, storage, and disposal 
of hazardous substances and 
waste. Imposes p r e c o n d i t i o n s 
on any closure or t r a n s f e r of 
these operations by r e q u i r i n g 
the adequate p r e p a r a t i o n and 
implementation of acceptable 
cleanup procedures. 
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New Jersey Hazardous Waste 

f?°iilt:ie8 s i t i n g A c t' 1 3 N J SA 
1E-49 e t seq. 

? ; n / f r S e y U n d e r ? r o u n d Storage 
Tank Law, 58 NJSA lOA-21 e t 
seq. 

New Jersey S o l i d and Hazardous 
T i ? i ! I

7

I a n ^ e m e n t Regulations, T i t l e 7, New Jersey 
A d m i n i s t r a t i v e Code (NJAC) 
Chapter 2 6 . 

? I n k J S r f e y U n d e r ^ o u n d Storage 
Tank Rules, 7 NJAC, Chapter 14B 

New Jersey Environmental 
Cleanup R e s p o n s i b i l i t y Act 
Rules, 7 NJAC, Chapter 26B 

New Jersey S o l i d and Hazardous 
Waste Disclosure Rules, 7 NJAC 
26-16 et seq. 

Provides r u l e s t o ensure proper 
treatment, storage, a n d

 P 

d i s p o s a l of hazardous waste bv 
p r o v i d i n g f o r t h e s i t i n g 
design, c o n s t r u c t i o n 
o p e r a t i o n , and use of 
acceptable hazardous waste 
f a c i l i t i e s . 

t e s ^ i n c f 1 ° * • ? e • r e 9 i s t r a t i o n , t e s t i n g , m o n i t o r i n g , and 
cleanup of underground storage 
tanks t o det e c t leaks and * 
discharges as e a r l y as 
po s s i b l e . 

Establishes the s t a t e 
e q u i v a l e n t of the f e d e r a l 
Resource Conservation and 
Recovery Act. The act also 

l J n ^ ? ^ S a s b e s t o s and s a n i t a r y 
l a n d f i l l s and e s t a b l i s h e s fees 
and a fee schedule t o fund the 
program. t n e 

Establishes r e g u l a t i o n s f o r 
underground storage tanks 

I t Z l T o l t i ™ r e ? u i r e ^ n t s , ' and 
sets f o r t h p e n a l t i e s f o r 
v i o l a t i o n s of these p r o v i s i o n s . 

^ V i d e V U l e S 9° v erning the 
implementation of the 
Environmental Cleanup 
R e s p o n s i b i l i t y Act, which 
regulates the c l o s i n g 
c h a r a c t e r i z a t i o n , and'cleanup 
of r e g u l a t e d i n d u s t r i a l 
f a c i l i t i e ' s . 

a n S V i 2 e f - S t a n d a r d s o f i n d u c t 
and a b i l i t y f o r those persons 
who wish t o operate a s o l i d or 
hazardous waste f a c i l i t y or 
engage i n the t r a n s p o r t of 
s o l i d or hazardous waste 
Establishes a l i c e n s i n g program 
t o exclude from p o s i t i o n s of 
r e s p o n s i b i l i t y persons 
d e f i c i e n t i n r e l i a b i l i t y 
e x p e r t i s e , and competence from 
p a r t i c i p a t i n g i n these 
i n d u s t r i e s . 
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New Jersey Toxic Catastrophe 
Prevention Act Program Rules, 
7 NJAC, Chapter 31 

New Jersey Rules on 
C o n f i d e n t i a l i t y o'f Hazardous 
Waste I n f o r m a t i o n , 7 NJAC 
26-17 et seq. 

New Jersey A i r P o l l u t i o n 
Control Laws, T i t l e 26, 
New Jersey Revised Statutes 
(NJRS), Chapter 2 c, A i r 
P o l l u t i o n Control 

New Jersey Regulations on 
Permits and C e r t i f i c a t e s , 
7 NJAC 27-8 e t seq. 

New Jersey Regulations on 
V o l a t i l e Organic Substances, 
7 NJAC 27-16 e t seq. 

New Jersey Regulations on Toxic 
Substances, 7 NJAC 27-17 
et seq. 

New Jersey Testing Procedures 
f o r V o l a t i l e Organic 
Substances, 7 NJAC 27B-3 
et seq. 

Provides r u l e s f o r owners and 
operators of f a c i l i t i e s 
r e q u i r e d t o r e g i s t e r w i t h NJDEP 
because they manage 
e x t r a o r d i n a r i l y hazardous 
substances i n the r e g i s t r a t i o n 
q u a n t i t y e s t a b l i s h e d f o r such 
substances. The r u l e s are 
intended t o p r o t e c t the p u b l i c 
from c a t a s t r o p h i c accidents 
from chemical releases of 
e x t r a o r d i n a r i l y hazardous 
substances t o the environment. 

Sets f o r t h procedures f o r 
making i n f o r m a t i o n received by 
NJDEP i n a d m i n i s t e r i n g the 
hazardous waste program 
a v a i l a b l e t o the p u b l i c and 
mai n t a i n i n g c o n f i d e n t i a l i t y of 
c e r t a i n p a r t s of t h a t 
i n f o r m a t i o n . 

Empowers the New Jersey 
Department of Health t o 
formulate, promulgate, amend, 
and repeal codes and 
r e g u l a t i o n s t h a t prevent and 
c o n t r o l a i r p o l l u t i o n . 

Establishes requirements f o r 
p e r m i t t i n g a i r c o n t r o l 
apparatus and est a b l i s h e s 
program fees t o fund the 
p e r m i t t i n g program. 

Provides r u l e s f o r the storage, 
t r a n s f e r , and other source 
operations t o minimize the 
amount of v o l a t i l e organic 
substances i n t o the atmosphere 
i n excess of the emission r a t e s 
contained i n t h i s r u l e . 

Provides r u l e s f o r emissions of 
s p e c i f i c t o x i c v o l a t i l e organic 
substances, i n c l u d i n g permit 
requirements, emission 
standards, and t e s t procedures. 

Prescribes sampling and 
a n a l y t i c a l procedures f o r 
determining' the presence and 
concentrations of v o l a t i l e 
organic substances. 
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New Jersey Testing Procedures 
for Opacity Emissions, 7 NJAC 
27B-2 et seq. 

New Jersey A i r A d m i n i s t r a t i v e 
Penalties Rules, 7 NJAC 27A-3 
et seq. 

New Jersey Water P o l l u t i o n 
Control laws, 58 NJSA, 
Chapters 6A and 10 

New Jersey Water Q u a l i t y 
Planning Act, 58 NJSA 11A. 
et seg. 

New Jersey Hazardous Substance 
Discharge Law, 13 NJSA IK-15 et 
sea. 

New Jersey Safe Drinking Water 
Act, 58 NJSA 12A-1 et seq. 

Promulgates procedures for 
determining whether a discharge 
exceeds opacity standards. 

Promulgates c i v i l 
a d m i n i s t r a t i v e p e n a l t i e s f o r 
v i o l a t i o n s of a i r emission 
standards, as w e l l as c i v i l 
a d m i n i s t r a t i v e p e n a l t i e s f o r 
other v i o l a t i o n s of 
New Jersey's a i r r u l e s . 

Establishes r u l e s f o r the 
prev e n t i o n and response t c the 
discharge of petroleum and 
other hazardous substances t o 
waters of the s t a t e . This law 
also e s t a b l i s h e s the New Jersey 
P o l l u t a n t Discharge E l i m i n a t i o n 
System (NJPDES). 

This a c t was promulgated t o 
r e s t o r e and maintain the 
chemical, p h y s i c a l , and 
b i o l o g i c a l i n t e g r i t y of the 
waters of the s t a t e , and 
develop waste treatment 
management planning processes 
t o ensure adequate c o n t r o l of 
sources of water p o l l u t a n t s . 

Establishes 
requirement 
operators o 
i n d u s t r i a l 
or suspect 
substance d 
the method 
r e q u i r e d i n 
as p e n a l t i e 
r e p o r t a ha 
discharge. 

r e p o r t i n g 
s f o r owners and 
f a c t i v e or i n a c t i v e 
f a c i l i t i e s who know 
a hazardous 
ischarge. Provides 
and i n f o r m a t i o n 
the r e p o r t , as w e l l 
s f o r f a i l u r e t o 
zardous substance 

Empowers the s t a t e t o 
promulgate and enforce 
r e g u l a t i o n s t o maintain the 
q u a l i t y of- d r i n k i n g water; t o 
e s t a b l i s h minimum standards f o r 
d r i n k i n g water; and r e g u l a t e 
the c o l l e c t i o n , treatment, 
m o n i t o r i n g , storage, and 
d i s t r i b u t i o n of potable water. 
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New Jersey Rules on Discharge 
of Petroleum and Other 
Hazardous Substances, 7 NJAC 
1E-1.1 et seq. 

Regulates every discharge of 
petroleum and oth e r hazardous 
substances except those i n 
compliance w i t h a permit. Sets 
f o r t h r e p o r t i n g , design, and 
maintenance requirements f o r 
major f a c i l i t i e s handling 
petroleum or hazardous 
substances. 

New Jersey Pretreatment 
Regulations, 7 NJAC, 
Chapters 5 and 9 

New Jersey P o l l u t a n t Discharge 
E l i m i n a t i o n System Regulations, 
7 NJAC 14A-1 e t seq. 

Provides water q u a l i t y 
standards f o r t h e discharge of 
p o l l u t a n t s i n t o s t a t e waters. 

Provides procedures and 
g u i d e l i n e s f o r implementation 
and o p e r a t i o n of the NJPDES 
permit program. Regulates the 
discharge of p o l l u t a n t s t o 
surface and groundwater, and 
regu l a t e s the discharge of 
i n d u s t r i a l p o l l u t a n t s t o 
p u b l i c l y and p r i v a t e l y owned 
treatment works. 

New Jersey C i v i l Penalties and 
Hearings Regulations, 7 NJAC 
14-8.1 et seq. 

Establishes r u l e s f o r the 
assessment of c i v i l p e n a l t i e s 
f o r v i o l a t i o n s of water q u a l i t y 
standards, e f f l u e n t 
l i m i t a t i o n s , or permit 
v i o l a t i o n s . 

New Jersey Hazardous Substance 
Discharge Reports and Notices 
Rules, 7 NJAC 1E-5.1 et seq. 

Establishes requirements 
governing the implementation of 
the Hazardous Substance 
Discharge Reports and Notices ' 
Act by s e t t i n g r e p o r t i n g and 
n o t i c e procedures t o be 
fol l o w e d by i n d u s t r i a l 
f a c i l i t i e s . 

New Jersey D r i n k i n g Water 
Regulations, 7 NJAC .10-1 
et seq. 

Implements the New Jersey Safe 
D r i n k i n g Water Act by 
s p e c i f y i n g maximum contaminant 
l e v e l s , treatment techniques, 
t e s t i n g procedures, sampling 
frequencies, and q u a l i t y 
c o n t r o l : 
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New Jersey Surface Water 
Quality Standards, 7 NJAC 9-4 
et seq. 

New Jersey Groundwater Q u a l i t y 
Standards, 7 NJAC, Chapter 9 

New Jersey Wetlands Act, 
13 NJSA, Chapter 9A 

New Jersey Freshwater Wetlands 
P r o t e c t i o n Act, 13 NJSA, 
Chapter 9B 

New Jersey Freshwater Wetlands 
Regulations, 7 NJAC, 7A 

Establishes rules for defining 
c l a s s e s of waters and use 
designations; establishes 
water-quality-based effluent 
l i m i t a t i o n s , procedures for 
modification of water-quality-
based effluent l i m i t a t i o n s , and 
procedures for r e c l a s s i f y i n g 
water uses. 

Contains rules for the 
enhancement of groundwater 
resources, use c l a s s i f i c a t i o n s , 
quality c r i t e r i a , and 
designated uses of the 
groundwaters of the state. 

Establishes reguirements f o r 
the p r o t e c t i o n of the sta t e ' s 
wetlands. 

Establishes reguirements f o r 
the p r o t e c t i o n of New Jersey's 
freshwater wetlands. 

Provides regulations to 
implement the New Jersey 
Freshwater Wetlands Protection 
Act. 

POTENTIAL FEDERAL ARARs 

I n a d d i t i o n t o the f e d e r a l r e g u l a t i o n s i d e n t i f i e d i n 

Section 2.0, the f o l l o w i n g have been i d e n t i f i e d as p o t e n t i a l ARARs. 

P o t e n t i a l ARAR 

Occupational Safety and 
Health A d m i n i s t r a t i o n General 
I n d u s t r y Standards, 
29 CFR 1910 

Requirement 

Health and s a f e t y standards are 
es t a b l i s h e d f o r hazardous waste 
operations, i n c l u d i n g l i m i t s f o r 
exposure t o noise and c e r t a i n 
hazardous m a t e r i a l s . 



Occupational Safety and 
Health Administration 
Standards Hazardous Waste 
Operations and Emergency 
Response, 29 CFR 1910 

Health and Environmental 
Protection Standards f o r 
Uranium and Thorium M i l l 
Tailings, 40 CFR 192 

Radiation Protection for 
Occupational Workers, DOE 
Order 5480.11 

Standards f o r Protection 
Against Radiation, 
48 FR 20721 

General worker protection 
requirements are established, as 
are requirements f o r worker 
t r a i n i n g and the development of 
emergency response plan and a 
safety and health program f o r 
employees. Procedures are 
established f o r hazardous waste 
operations, including 
decontamination of radioactive 
waste, shipping and transport, 
and container handling. 

Contains l i m i t e d permissible 
concentrations of radium, 
thorium, radon, and gamma 
rad i a t i o n . 

Standards and program 
requirements are established 
for worker protection from 
ionizing r a d i a t i o n , including 
derived a i r concentration guides 
for inhalation and immersion. 
The basic dose l i m i t of 
100 mrem/yr also applies to any 
member of the public entering a 
controlled area. 

The standard f o r uranium-238 i n 
inhaled a i r i s 3E-12 /nCi/ml 
da i l y , 1E-12 MCi/ml weekly; the 
standard for thorium-232 i n 
inhaled a i r i s 4E-15 tiCi/ml 
weekly and 8E-15 ^Ci/ml yearly; 
the standard f o r thorium-230 i n 
inhaled a i r i s 2E-14 /iCi/ml 
yearly; and the standard f o r 
radium-226 i n inhaled a i r i s 
9E-13 MCi/ml weekly. 
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APPENDIX D 

PARAMETERS FOR ANALYSIS 



PARAMETERS FOR ANALYSIS AT MSP, 1990 

Medium 

Groundwater 

Surface Water 

Sediment 

Air 

Parameter 

Total uranium 

Radium-22 6 

Thorium-232 

Total organic halides 

Total organic carbon 

Total metals: 
aluminum, antimony, barium, 
beryllium, cadmium, calcium, 
chromium, cobalt, copper, ' 
^ ? , ^ m a g n e S l u m ' ^nganese, 
s i l v e r , sodium, vanadium, zinc 

Arsenic, lead, mercury 
selenium, thallium 

Specific conductance 

PH 

Technique 

Fluorometric 

Emanation 

Gamma spectrometry 

Carbonaceous analyzer 

Coulometric 
determination 

Inductively coupled 
plasma atomic 
emission spectro
photometry (ICPAES) 

Atomic absorption (AA) 
spectrophometry 

Electrometric 

Electrometric 

Total uranium 

Radium-226 

Thorium-232 

Total uranium 

Radium-226 

Thorium-232 

Radon-222 

External gamma radiation 

Fluorometric 

- Emanation 

Gamma spectrometry 

Alpha spectrometry 

Gamma spectrometry 

Gamma spectrometry 

Track-etch 

Thermoluminescence 

D-l 



APPENDIX E 

SAMPLE OBSERVATION WELL CONSTRUCTION LOGS 

AND HYDROGRAPHS SHOWING WATER LEVEL ELEVATIONS 



A s p h a l t 

Grout S e a l 

4" P V C C a s i n g 

S l o t t e d C a s i n o 

=9 
Bottom S e t 
Into B e d r o c k 

Shallow W^if 

Bot tom S e t 
Into B e d r o c k ^ ~ 

Deep Well 

MONITORING WELL INSTALLATION DETAIL 



4 CAP 

• / 2 - 0 " D 'A . C O N C R E T E 
j j T J / V E H I C L E B A R R I E R 

/—GROUND 

5 ' D I A . M I N . B O R E HOLE 

4 PVC S L O T T E D W I T H 
3 R O W S OF 2 S L O T S 
1 / 1 6 " W I D E S P A C E D AT 
6" I N T E R V A L S 

4" PVC CAP 

S H A L L O W MONITORING WF! I 
INSTALLATION DETAIL 

( P H A S E m 

E - 2 



4" Cap 

2 ' - 0 " D I A . C O N C R E T E 
V E H I C L E B A R R I E R 

GROUND 

4 ' PVC P IPE C A S I N G 

PVC CAP 

C L E A N B A C K F I L L ( S A N D ) 

8" D I A . M I N . B O R E HOLE 

B E N T O N I T E PLUG 

C L E A N W A S H E D SAND 
(D 9 0 : . 0 0 8", D 4 0 : . 0 2 CO 

4 ' P V C 8 S L O T WIRE-
WOUND W E L L SCREEN 
1 0 ' LONG 

DEEP MONITORING WELL 
INSTALLATION DETAIL 

(PHASE m 





MIDDLESEX HYDROGRAPHS - UPPER GROUNDWATER SYSTEM 



JAN 
AUG SEP OCT NOV DEC 

LEGEND: • 3 
' * 4 

O 5 
X 9 

TIME, months 
YEAR 1990 

MIDDLESEX HYDROGRAPHS - UPPER GROUNDWATER SYSTEM 



APPENDIX F 

RADIATION IN THE ENVIRONMENT 



Radiatu 
in tl 

Environmei 

me c o s ™ ana e«inuao«y m a i ^ ™ £ ^ . S S ^ ^ S T ^ 

Sources of Radiation 

RADIATION 
INSIDE THE 
BODY 
11% 

POCKS 
AND SOIL 
8% 

Many materials-both nature 
manmade-that we come int 

contact with in our everyda 
are radioactive. These mc 
are composea of atoms: 
release energetic partic 
waves as they change 
more stable forms. The 
particles ana waves c 
referred to as radiatic 
and their emission as 
radioactivity. 

COSMIC 
RADIATION 
3% 

NUCLEAR 
INDUSTRY 
0.05% 

CONSUMER 
PRODUCTS 

r 3% 
OTHER 
(PALLOUT. 
OCCUPATIONAL 
ETC. ) < l % . 

NATURAL 

MANMAOE 

As the chart on tr 
shows. most environmt 

radiation (82%) is from r 
sources. By far the large 

source is radon, an odorit 
colorless gas given off by r 

radium in the Earth's crust V 
radon has always been presen 

environment, its significance is be 
moc+? f r S t 0 0 d t o d a v ' Manmaderadia 
mas ly from meaicai uses and consume 

t o t a ^ r e

a d d S Q b O U t e i 9 h t 6 e n ™ < 

p n r t o + TYPES OF IONIZING RADIATION 

Alpha 
Alpha particles are the larnptf 

and slowest moving type 9 of 
b v ^ h o J h 7 a r e easily sapped 
A ^ n h ^ r ? ^ r p a p e r o r the skir? 
Alpha particles can movethrouah 
ho e n a ' r

 +

o n l v a f e w i nches before 
H n w ^ S l o p p e d ^ o n molecules 
t £ £ L v e r ' a'Priai radiation is 
thTb JdyUS S S n S i t i v e t l s s u e i n s i d ® 

Beta 
c^« ,? e t a P a r t 'cles are much 
smaller and faster movina 
than alpha particles. Beta 
particles pass through paper 
a n . d c a £ L t r a v e l i n the air fo 
about 10 feet. However thev 
S ? n . w b e s t °PPed by' thin 
shielding such as a sheet of 
aluminum foil. 

Gamma 
Gamma radiation is c 

of electromagnetic wave 
travels at the speed of 
t takes a thick shield of 
leaa. or concrete to stop ac 
rays. X rays and cosmic ra 
similar to gamma raai 
* r a v s „ a r e producec 
mannnade devices; cosmic 
reach Earth from outer spc 

F - l 



_ Radiation can be measured in a variety of ways 
: ypicaily. unrts of measure snow either 1) the total ' 
? ^ ? T o f / a d i o a c t i v r t y present in a substance, or 
2) the level of radiation being given off. 

t P r m ^ o / ^ ' 0 0 0 1 ^ o f a s u b s t a n c e is measured in 
moTp SnLi ! 2 T b f f ° f f o r m a t i o n s (changes into 
more stable forms) per unit of time. The curie is the 
standard unit for this measurement and is based on 
;he amount of radioactivity contained in 1 gram of 

ransform^6"00^' 1 C U r i e * e q U Q l t 0 3 7 WMon • reformations per second. The amounts of 

h d ' ^ S , V r t V ! h Q t P e o p , e n o r m a l | V " o r t < wrth are in the m.llicune (one-thousandth of a curie) or 
m.crocune (one-millionth of a curie) range. Levels of 
radioactivrty in the environment are in the picocurie 
or pCi (one-tnilionth of a curie) range. 

Units of Measure 

Thpifwf \ r a d , a t , o n ore measured in various 
th f ?Z ? Q a n ^ ° r a d i a t i o r > in the air is measur 
m ~ ? ° e n : ^ * a r e l a t i v e | V 'arge unit, so 
P n S ^ m ^ t S Z & 0 f t e n c c "oulated in milliroem 
Rad.ation absorbed by humans is measured in 
rod or rem. The rem is the most descriptive bee. 
r ^ S U r e

+

S t h e Q b i i i t y o f t h e ^ c i f i c type of 
w d S ° m l ° d ° d a m a a e t o aio'ogicaTfeue. A 
typical measurements will often be in the mi 
i r ? T o n e - t h o l J s a n d t h of a rem. range. 
d o l ^ 6 ^ ? 0 0 0 1 s c i e n t i f i c communrfy. absc 
nnn « d 5 ' ° ° 9 ' C a l e x p o s u r e a r ® expressed in < 

eguals 100 rem. On the average. Americans 

exrTosuL 9 ^ n a t U r a ' r a d i a t i o n a n d m e d i " 
S S S ^ n V, S p * ? t o e x a m P , e s of common soura 
radiation are shown in the chart below. 

Cosmic Radiation 
a ' a n o n i s ^ - e n e r g y gamma raa-

-° ™ ? o r i a , n a r e s in ouTer space ana filters 
• -:rougn our armospnere. 
Sea Levei * ->A ~ , , 

mrem/vear 
Atianra. Georgia (1.050 feet) 

^ • 31 
Denver. Colorado (5.300 feet) 

50 mrem/year 
Minneapolis. Minnesota (815 feet) 
_ 30 mrem/year 
Salt Lake Cify. Utah (4.400 feet) 

mrem/year 

RADIATION IN THE 
ENVIRONMENT 

Because the radioactivity of 
Individual samples varies, the 
numbers given here are 
approximate or represent an 
average. They are shown to 
provide a perspective tor 
concentrations and levels of 
radioactivity rather than dose^ 

.46 mrem/year ! 

Terrestrial Radiation 
Terrestrial sources are naturally radioactive 
eiements in the soil and water such as ura 
nium. racum. and thorium. Average levels of 
rhese elements are 1 pCi/gram of °oil 

United States (average) 26 mrem/year 
Denver. Colorado 63 mrem/year 
Nile Delta. Egypt, 350 m r e m / y e a r 

a n s - F r c n c e 350 mrem/year 
Coast of Kerald. India 400 mrem/year 
McAioe. Brazil 2 J S 5 & m r e m / y e a r 

Pocos De Caldas. Brazil 7.000 mrem/year 

mrem = millirem 
pCi = picocurie 

Food 
Food contributes an average of 20 
mrem/year. mostly from porassium-40 
carbon-14. hydrogen-3. radium-226 
and thorium-232. 
B e e r 390pCI/llter 
Tap Water 2 0 pCI/llter 
M i l k 1.400 pCI/lifer 
S a l a d ° " 4.900 pCI/liter 
WhUkev 1.200 pa/liter 
B r a z i l Nuts 1 4 p C I / g 

B a n a n a s 3pCI/g 
R o u r 0-14pCi/g 
Peanuts & Peanut Sutter. 
Tea 

Consumer Goods 
Clgarettes-two oacks/day 
(poion,um-210) 8.000 mrem/ 
Color Television., <i mrem/ 
Gas Lantern Mantle 
(rhorium-232) 2 mrem/ 
Highway Construction 4 mrem/' 
Airplane Travel at 39.000 feet 

^ o s m , c ) 0.5mrem/i 
Natural Gas Heating and Cooking 
<^°n-222) 2mremr 
Phosphate Fertilizers 4mrem/N 

Natural Radioactivity In Florida Phosphat 
F«rttl2«ri <m pCI/gram) 

Norma 
Sup«»ijnosoflati 

21.3 Ra-226 

U-238 

Th-230 

Th-232 

20.1 

18.9 

0.6 

Supwonowhof.) G y o t v 

21.0 

58.0 

48.0 

1.3 

33.C 

6.C 

13.C 

0.: 

• 0.12pCI/g 
.0.40 pCI/g 

Medical Treatment 
The exposures from medical didgnosis 
vary widely according to the required 
procedure, the equipment and film 
used for x rays, and the skill of the 
operator. 
Chest X Ray 1 0 mrem 
Dental X Ray.Each 100 mrem 

Porcelain Dentures 
(uranium) 
Radiolumlnescent Clock 
(promethium-147) 
Smoke Detector 
(americium-241) 

. 1.500 mrem/yec 

<1 mrem/yec 

International Nuclear 
Fallout from pre-1980 
tests 
(average for a U.S. citizen) 

..0.01 mrem/yec 

Weapons Tes 
atmospheric 

1 mrem/yec 

Buildings 
Many building materials, especially granite 
contain naturally radioactive elements 
U.S. Cao,fol Building 85 mrem/year 
Base of Statue of Uberty 325 mrem/year 
Grand Central Station 525 mrem/year 
T h e V c n c a n 800 mrem/year 
Radon 
tfadon levels in buildings vary, depending on 
geograpmc location, from 0.1 to 200 pCi/liter 
Average indoor Radon Level 1.5 pCI/liter 
Occupational Working Limit 100.0 pCi/liter 

Relerencei 

E " 0 0 , u ' 9 ° ' , f » U-S- Pooutton -rom Consumer Product, o n a M ^ * ^ S o ^ T £ ™ 1 ^ ana Moosur.m.m,. 1987. 

--oaooc.r^rv^Con.ume,Product,. U.S. Nuctoar RegulatoryCommrcion. 1978 p- 2 



PERSPECTIVE: Radioactivity 
in Gas Lantern Mantles 

Around the House 
Many household products contain a small amount of 

radioactivity. Examples include gas lantern 
mantles, smoke detectors, dentures, 

J f l camera lenses, and anti-static bjushes. 
- The radioactivity is added to the 

products either specifically to 
make them work, or as a result of 
using compounds of elements 

like thorium and uranium in 
producing them. The 

amount of radiation the 
products gives off is not 
considered significant. But 

with today's sensitive 
equipment, it can be 
detected. 

Lanterns: In a New Light 
About 20 million gas 

lantern mantles are used by 
campers each year in the 

United States. 
Under today's standards, the 

amount of natural radioactivity 
found in a lantern mantle 
would require precautions in 

handling it at many Government 
or industry sites. The radioactivity 
present would contaminate 15 
pounds of dirt to above 
allowable levels. This is because 
the average mantle contains 
1 /3 of a gram of thorium oxide, 
which has a specific activity ( a 

measure of radioactivity) of 
nor o r . m TK ^Proximately 100,000 picocuries 
per gram. The approximately 35,000 picocuries of 
rad.oact.vity in the mantle would, if thrown onto the 
ground, be considered low-level radioactive 
contamination. 



APPENDIX G 

CONVERSION FACTORS 



TABLE G-1 

CONVERSION FACTORS 

l yr 

1 L 

"1 MCi 

l p c i 

0 . 0 3 7 B q / L 

0 . 0 3 7 B q / L 

1 M C i / m l 

I E " 6 = 1E-6 = 1E-06 

I E " 7 = 1E-7 = 1 E - 0 7 

I E " 8 = 1E-8 = 1E-08 

I E " 9 = 1E-9 = 1 E - 0 9 

I E ' 1 0 = 1E-10 

8 , 7 6 0 h 

1 , 0 0 0 m l 

1 , 0 0 0 , 0 0 0 p C i 

0 . 0 0 0 0 0 1 ( i C i 

10" 9 M C i / m i = i p c i / L 

0 . 0 0 0 0 0 0 0 0 1 A i C i / m l 

1 , 0 0 0 , 0 0 0 , 0 0 0 p C i / L 

0 . 0 0 0 0 0 1 = 1 x 10~ 6 

0 . 0 0 0 0 0 0 1 = 1 x 10" 7 

0 . 0 0 0 0 0 0 0 1 = 1 x 1 0 ' 8 

0 . 0 0 0 0 0 0 0 0 1 = 1 x 1 0 - 9 

0 . 0 0 0 0 0 0 0 0 0 1 = 1 x 1 0 " 1 0 



APPENDIX H 

CLEAN AIR ACT COMPLIANCE REPORT 

FOR MIDDLESEX SAMPLING PLANT 



40 CFR Part 61 
National Emission Standards 
for Hazardous A i r Pollutants 

C L?v^r.cP A ? T C 0 M PLIANCE REPORT 
(Version 3.0 November 1989) 

I d l r e s s f S ^ S S T « « t 
M^Xes'ei A V S- P-° B 0 X

H «
6 

Annual Assessment fo r v e a , . ,„i„
N J- 0 8 8 4 6 

Date Submitted: 3"J/9? 1 9 9 0 

Comments: 

Prepared By: 

Name: Bechtel National inc 
T i t l e : FUSRAP 
Phone #: ( 6 1 5 ) 5 7 6 - 4 6 l i 

n c r Prepared f o r : 
U.S Environmental Protection Agency 

Office of Radiation Programs 7 

Washington, D.c. 20460 
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T t ™ ST" '— - ~ » -
IN STABILITY CLASS G 

PLUME DEPLETION AND DEPOSJTION PARAMETERS 

NUCLIDE 

0.0728 
0.1090 
0.1455 

SSPSSS? DEPOSITION VELOCITY SCAVENGING EFFECTIVED, 
(METERS/SEC) f M P T O M , COEFFICIENT c a l ^ ^ ^ l 

U-238 
U-234 
U-235 
RA-22 6 
TH-2 32 

0 . 0 0 0 
0. ooo 
0 . 000 
0 . 000 
0. ooo 

(METERS/SEC) 

0.00180 
0.00180 
0.00180 
0.00180 
0.00180 

1-L/&EC) (PER DAY) 

0.121E-04 
0.121E-04 
0.121E-04 
0.121E-04 
0.121E-04 

0.000E+( 
0.000E+( 
0.000E+( 
0.000E+( 
0.000E+( 
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™ N C I E S 0 F " I N D » RECIPROCAL-AVERAGED WIND S P E E D S 

WIND FREQUENCY WT„n 

TOWARD WIND SPEEDS FOR EACH STABILITY CLASS' 
(METERS/SEC) ^ S S 

A B C n 

N °-141 o.OO 
T* ° : ° 2 8 I- J'9°8a I ' l l S'11 3 ' 3 3 

JS 0-029 o.OO - I ' l l t ' t l 3 -91 3.16 
™S 0.028 o.OO i . l s 3

3 1 2

2 3*? 6 2.98 
WSW ° ' ° 4 9 °-00 159 I ' l l 3 * 7 2 2.94 

n ' 0 4 3 0-00 I ' M \ ' \ \ 3 ' 9 1 - 2.75 
S * ° 4 7 ° - 0 0 184 ?'2o 4 * 4 8 3 '26 

SSE ° - ° 8 2 I - " 2 60 3 «? 4 * 9 4 3 ' 7 7 

f? ° ' ° 6 1 1-19 2 67 I ' l l 5 ' 5 9 3 - 9 7 

ESE ° ' ° 8 6 °'°0 2.I4 4

3 1 7 6 ' 1 7 - 3.97 
E 0 , 0 5 9 °-°0 2 00 i ' l l 6 ' 8 1 4 ' 0 7 

ENE ° * ° 9 2 °-00 2 16 6 * 7 3 3 - 9 7 

o0:0°6
8o0 -S-SS : 4 - ^ 

o. 0 68 j : « - 0 4 , 2 , 3_:|| 

F G 

1.43 0 . 0 0 
1 .39 0 . 0 0 
1 . 68 0 . 0 0 
1 . 2 0 0 . 0 0 
1 . 3 1 0 . 0 0 
1 .46 0 . 0 0 
1 .87 0 . 0 0 
1 . 8 0 0 . 0 0 
1 . 78 0 . 0 0 
1 .46 0 . 0 0 
1 .77 0 . 0 0 
1 . 66 0 . 0 0 
1 .74 0 . 0 0 
1 . 8 1 0 . 0 0 
1 .85 0 . 0 0 
1 . 67 0 . 0 0 
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FREQUENCY OF ATMOSPHERIC STABILITY CLASSES FOP P a 

CLASSES FOR EACH DIRECTION 

SECTOR 
FRACTION OF TIME IN EACH STABILITY CLASS 

N 
NNW 
NW 

WNW 
W 

WSW 
SW 

SSW 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 

NNE 

0.0000 
0.0051 
0.0000 
0.0000 
0.0000 
0.0000 
0.0029 
0.0000 
0.0017 
0.0023 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

B 

0.0300 
0.0224 
0.0213 
0.0176 
0.0259 
0.0295 
0.0351 
0.0341 
0.0229 
0.0181 
0.0128 
0.0141 
0.0189 
0.0199 
0.0383 
0.0182 

0.2042 
0.1778 
0.1184 
0.0765 
0.0692 
0.0773 
0.0774 
0.1081 
0.0960 
0.0786 
0.0532 
0.0433 
0.0871 
0.1448 
0.1512 
0.1230 

0.6347 
0.6169 
0.6929 
0.7082 
0.6788 
0.6385 
0.6372 
0.6200 
0.6580 
0.6961 
0.7688 
0.7504 
0.6810 
0.5329 
0.4917 
0.6261 

0.0890 
0.1039 
0.0847 
0.0959 
0.0969 
0.1043 
0.1262 
0.1518 
.1492 
.1634 
.1267 
. 1296 
1317 

0.2053 
0.2185 
0.1683 

0 
0, 
0, 
0. 
0. 

F G 

0 .0421 0 . 0000 
0 . 0740 0 . 0000 
0 .0826 0 . 0000 
0 .1017 0 . 0000 
0 .1292 0 .0000 
0 .1504 .0 . 0000 
0 .'1211 0 . 0000 
0 0859 0 0000 
0. 0722 0. 0000 
0. 0415 0. 0000 
0. 0384 0. 0000 
0. 0625 0. 0000 
0. 0814 0. 00.00 
0. 0971 0. 0000 
0. 1003 0. 0000 
0. 0644 0. 0000 
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FREQUENCIES OF WIND DIRECTIONS AND TRUE-AVERAGE WIND SPEEDS 

WIND 
TOWARD 

FREQUENCY 
WIND SPEEDS FOR EACH STABILITY CLASS 

(METERS/SEC) 

B c n • _ 

N 
NNW 
'NW 
WNW 
W 

wsw 
sw 
ssw 
s 

SSE 
SE 
ESE 
. E 
ENE 
NE 

NNE 

0.141 
0.028 
0. 029 
0. 028 
0.049 
0.043 
0. 048 
0.047 
0. 082 
0. 061 
0. 086 
0. 059 
0 . 092 
0. 080 
0. 060 
0. 068 

0. 00 
1.67 
0. 00 
0.00 
0.00 
0. 00 
1. 67 
0.00 
1.67 
1.67 
0.00 
0. 00 
0.00 
0. 00 
0. 00 
0.00 

3.70 
3.15 
3.15 
2.54 
2.34 
2.33 
2.62 
2 
3 
3 , 
3 , 

78 
07 
34 
45 

2.83 
3.18 
3.25 
3.30 
3.24 

4 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4, 
4, 
4. 

5.36 
5.05 
4.44 
,36 
,44 
42 
90 
37 
27 
38 
83 
66 
38 
10 
42 
62 

6.19 
5.13 
5.02 
5.12 
5.33 
5.14 
5.61 
5.71 
6.44 
6.90 
7.58 
7, 
6, 
5. 
5, 

42 
99 
52 
22 

6.00 

3.57 
3.38 
3.17 
3.12 
2.86 
3.13 
3.49 

96 
11 
11 
18 
11 
03 
8'5 
63 
71 

1.96 
1.91 
2.16 
1.69 
1.83 
1.98 
2.28 
2 
2, 
1, 
2 . 

24 
23 
98 
22 

2.15 
2.20 
2.25 
2.27 
2.15 

0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

00 
00 
00 
00 
00 

0.00 
0.00 

H-5 



CLEAN AIR ACT COMPLIANCE REPORT 

Facility: Middlesex Sampling Plant 
Address: 239, Mtn. Ave. -p.o Box 426 
Comments: 

Year: 1990 
City: Middlesex 

3/20/91 10:43 AM 

State: 

Effective 
Dose Equivalent 

Highest Organ 
Dose i s to 
LUNGS 

Dose Equivalent Rates to Nearby 
, Individuals (mrem/year) 

0 . 0 0 3 4 

0.0260 

•EMISSION INFORMATION-

Radios 
nuclide Class Amad 

Area • 
.#1 

(Ci/y) 

Area 
• #2 

(Ci/y) 

Area 
#3 

U-238 . 
U-234 
U-235 
RA-226 
TH-232 

Y 
Y 
Y 
Y 
Y 

1.0, 
1.0 
1.0 
1.0 
1.0 

5.4E-07 
5.2E-07 
2.3E-08 
5.4E-07 
0.0E-01 

4.1E-07 
3.9E-07 
1.7E-08 
4.1E-07 
0.0E-01 

8.6E-07 
, 8.3E-07 
3.8E-08 
6.0E-07 
4.0E-08 

Total Area (m**2) 8.8E+03 6.7E+03 2.3E+04 

•SITE INFORMATION-

Wind Data 
Food Source 
Distance to 

Indiv iduals (m) 

LEA0435.WND 
LOCAL 
300 

*NOTE: 

Temperature (C) 
Rainfall (cm/y) 
Lid Height (m) 

12 
121 

1000 

The results of this computer model are dose estimate 
They are only to be used for the DUTDOSO «? ^ l m a t e s -
compliance and reporting per ^ C F H I ? L l n d * 4 0 ^ 6 1 . 9 4 

H-6 



3/20/91 10:43 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 

ORGAN 

GONADS 

BREAST 

RED MARROW 

LUNGS 

THYROID 

ENDOSTEUM 

REMAINDER 

EFFECTIVE 

DOSE EQUIVALENT RATE 
TO THE ORGAN 
(mrem/y) 

6.3E-05 

6.4E-05 

3.9E-04 

2.6E-02 

6.3E-05 

4.7E-03 

2.8E-04 

3.4E-03 

Middlesex Sampling Plant 
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3/20/91 10:43 AM 

DOSE TO THE MAXIMALLY EXPOSED INDIVIDUAL 
BY PATHWAY FOR ALL RADIONUCLIDES 

INGESTION 

INHALATION 

AIR IMMERSION 

GROUND SURFACE 

EFFECTIVE 
DOSE EQUIVALENT 

(mrem/y) 

2.4E-04 

3.1E-03 

6.4E-11 

2.1E-06 

DOSE EQUIVALENT TO THE ORGA 
• WITH THE HIGHEST DOSE 

LUNGS 
(mrem/y) 

2.7E-05 

2.6E-02 

5.4E-11 

1.6E-06 

TOTAL: 3.4E-03 
2.6E-02 

Middlesex Sampling Plant 
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3/20/91 10:43 AM 

RADIONUCLIDE 

U-238 

U-234 

U-235 

RA-226 

TH-232 

EFFECTIVE 
DOSE EQUIVALENT 

(mrem/y) 

1.0E-03 

1.1E-03 

4.8E-05 

1.1E-03 

6.3E-05 

DOSE EQUIVALENT TO THE ORGAI 
WITH THE HIGHEST DOSE 

LUNGS 
(mrem/y) 

8.1E-03 

8.8E-03 

3.6E-04 

8.0E-03 

3.4E-04 

TOTAL : 
3.4E-03 

2.6E-02 

Middlesex Sampling Plant 
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3/20/91 10:43 AM 

DIRECTION : NORTH 

DISTANCE E F ^ I V E D 0 S E 

(meters) EQUIVALENT 
(mrem/y) 

300 T 
1000 3.4E-03 
3000 3.8E-04 

10000 5.8E-05 
80000 9.2E-06 

3.6E-07 

Middlesex Sampling Plant 
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3/20/91 10:43 AM 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF ALL DISTANCES AND ALL DIRECTIONS FOR ALL 

RADIONUCLIDES AND ALL PATHWAYS 

DIRECTIONS: £ ^ ^ ^ 

DISTANCE 
(METERS): 

300 

1000 

3000 

10000 

80000 

3-4E-03 2.2E-03 2.2E-03 2.7E-03 2.6E-03 1.6E-03 1.8E-03 1.6E-0 

3.8E-04 2.2E-04 2.2E-04 2.9E-04 2.8E-04 1.6E-04 2.OE-04 1 6E-0 

5.8E-05 3.4E-05 3.5E-05 4.5E-05 4.3.E-05 2.5E-05 3.1E-05 

9.2E-06 5.5E-06 5.7E-06 7.3E-06 7.OE-06 4.OE-06 S.iE-06 4.1E-0, 

3.6E-07 2.2E-07 2.3E-07 2.9E-07 2.7E-07 1.6E-07 2.2E-07 X.7E-0' 

S SSW SW wsw W 

DISTANCE 
(METERS): 

300 2 .3E-03 1. 6E-03 1. 8E-03 2 .1E-03 2. 3E-03 1. 3E-03 1. OE-03 1. 1E-03 
1000 2 •4E-04 1. 6E-04 1. 9E-04 2 .1E-04 2. 4E-04 1. 3E-04 1. 1E-04 1. OE-04 
3000 . 3 .8E-05 2. 4E-05 2. 9E-05 3 .2E-05 3 . 6E-05 1. 9E-05 1. 7E-05 1. 6E-05 

10000 6 .2E-06 3. 9E-06 4. 7E-06 5 .OE-06 5. 5E-06 3. OE-06 2. 6E-06 2. 4E-06 
80000 2 .5E-07 1. 5E-07 1. 7E-07 1 .5E-07 1. 6E-07 8. 8E-08 9. 3E-08 8. 4E-08 

Middlesex Sampling Plant 

H - l l 



APPENDIX I 

DISTRIBUTION LIST FOR MIDDLESEX SAMPLING PLANT 

ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1990 



ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1 9 9 0 

Media: 

E d i t o r 
THE BERNARDSVILLE NEWS 
17 Morristown Road 
B e r n a r d s v i l i e , NJ 07924 

E d i t o r 
THE BOUND BROOK CHRONICLE 
15 Maiden Lane 
Bound Brook, NJ 08805 

E d i t o r 
THE COURIER NEWS 
1201 U.S. Highway No. 22 
West Sridgewater, NJ 08807 

E d i t o r 
THE HOME NEWS 
12 3 How Lane 

New Brunswick, NJ 08903 

E d i t o r 
THE MIDDLESEX CHRONICLE 
4 09 Union Avenue 
Middlesex, NJ 08846 

E d i t o r 
THE NEWS TRIBUNE 
One Hoover Way 
Woodbridge, NJ 07095 

TOE APW N;^; Z' N S W S apartment IHE NEW YORK TIMES 
17 Academy S t r e e t 
Newark, NJ 07102 

Federal: 

Mr. Constant ine Sidamon-Eri «=i-rn^ ^ • • 

R e a i o n n l T i r ° n m e n t a l P - t e c t r i ™ ° A f

g

f ; n c r i n l S t r a t 0 r ( 5 C ° P 1 ^ Region I I 
26 Federal Plaza, Room 900 
New York, NY 10278 

I - l 



Mr. Paul A. Giardina 
Chief, Radiation Branch 

R ^ o n n I i r 0 n , n e n t a l P r° t e="°n Agency 
2 6 Federal Plaza 
New York, NY 10278 

Mr. Ron Russin 

R e g i o f i j r ° n m e n t a l P r o t - t i o n Agency 

26 Federal Plaza, Room 737 
New York, NY 10278 

R ? n ^ r t W* H a r<?rove ( 7 copies) 
R e g i o n n I i l r 0 n m e n t a l "ticS Agency 
2 6 Federal Plaza 
New York, NY 10278 

Mr. J e f f Gratz 

Reglon nIi r° n m e n t a l P r° t e«ion Agency 
2 6 Federal Plaza 
New York, NY 10278 

Ms. Robert Wing 

R ; g i o n n i i l r 0 n m e n t a l A c t i o n Agency 
26 Federal Plaza, Room 737 
New York, NY 10278 

raena and Standards Division 
Office of Radiation Programs 

" o i - ^ t r e e T S " 1 

Washington, DC 20460 

Mr. Bob Williams 
ATSDR/OHA/HSB-Mail Stop F-38 
1600 Cliston Road 
Atlanta, GA 30333 
State: 

s t a t f o f , ^ Tetsty' — i s s i o n e r 

c ^ ^ r v t n 0 ? ! ^ 1 ^ " 3 1 - s e c t i o n 
401 E. State Street 
Trenton, NJ 08625 
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s t a t i c ? A s T t a n t C ° ™ i s s i — 

4Dofrse?a

tt:fst?ier
imentaiprotectiOT 

CN 4 02 

Trenton, NJ 08625 

Ms. Nancy Wittenberg, Director 

sS£lS ? J Z i ~ t a l Q u a l i t y 

CN 027 
Trenton, NJ 08625 
Mr. Arnold Schiffman (5 copies) 

. D i v i s i o n of Water Resources 
s t a t e of New Jersey 
l ? 7 ? £ : ? p e ° c t Environments Protection 

Trenton, NJ 08625 

Mr. Gary H. Haag, Geologist . 

stlHTf Sef„Ma^eyeS0UrCeS' C" ™ 

Trenton, NJ 08625 

R l ^ P a t r i C i a G a r d n e r , Supervisor (6 copies) 

s t a t e of New Jersey 

? N P a S m e n t ° f E n v i r o n ^ n t a l P r o t e c t i o n 

Trenton, NJ 08625 

Mr. Steven Boykewich 
Ra d i o l o g i c a l Environmental Assessment- c^+.< 
Bureau of Environmental Radia^on S S C t l ° n 

s t a t e of New Jersey 

? N P 4 i 5 m e n t ° f E n v i r o n m e n t a l P r o t e c t i o n 

Trenton, NJ 08625 

Ms. A r i a d n i Kapsalopoulou 
Ra d i o l o g i c a l Environmental Assessment Section 
Bureau of Environmental Radiation S e c t l o n 

s t a t e of New Jersey 

CN P4^5 m e n t ° f E n v i r o n m e n t a l P r o t e c t i o n 

Trenton, NJ 08625 
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Mr. Bob stern, Ph.D., Chief 
Bureau of Environmental Radiation 
Division of Environmental Quality 
State of New Jersey 
Department of Environmental Protection 
CN 415 

Trenton, NJ 08625 

Mr. E. Kaup 
Bureau of Federal Case Management 
and Enforcement 

State of New Jersey 
? n ? a ? t i n f n t ° f E n vironmental Protection 
4 01 East State Street 
Trenton, NJ 08625 

mvis?on knf°;° l i t 0' S u p e r f u n d Coordinator 
Division of Environmental Quality 
State of New Jersey 

? n ? a r m ; ? \ ° f E n v i i :°nmental Protection 
4 01 E. State Street 
CN 027 
Trenton, NJ 08625 

Local: 

Honorable Ronald s. Dobies 
Mayor,. Borough of Middlesex 
Borough Hall 
Middlesex, NJ 08846 

Dr. Ronald Cohen (12' copies) 
Health Officer 
12 00 Mountain Avenue 
Middlesex, NJ 08846 

Dr. William P i a t t , President 
Middlesex Board of Health 
212 Lucia Street 
Middlesex, NJ 08846 

County Administrator 
Middlesex County Administration Building 
John F. Kennedy Square 
New Brunswick, NJ 08903 

Congressional: 

Honorable B i l l Bradley 
U.S. Senate 
731 Hart Senate Office Building 
Washington, DC 20510 
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Honorable Frank R. Lautenberg 
U.S. Senate 
717 Hart Senate Office Building 
Washington, DC 20510 

Honorable Matthew J. Rinaldo 
U.S. House of Representatives 
2469 Rayburn House Office Building 
Washington, DC 20515 

Mr. Robert DeLazaro 
Congressman Rinaldo's Office 
1961 Morris Avenue 
Union, NJ 07083 

Honorable John A. Lynch 
New Jersey State Senator 
9 6 Bayard Street 
New Brunswick, NJ 08901 

Honorable David Schwartz 
New Jersey State Assemblyman 
P.O. Box 150 
New Brunswick, NJ 08903 

Honorable Robert Smith 
New Jersey State Assemblyman 
61 Stelton Road 
Piscataway, NJ 08854 

Library: 

Mrs. Carol Chel l i s , Director 
Middlesex Borough Library 
Mountain Avenue 
Middlesex, NJ 08846 

Mrs. Lynn Hunter, Director 
John F. Kennedy Library 
500 Hoes Lane 
Piscataway, NJ 08854 

Others: 

Mr. Park Owen (2 copies) 
Remedial Action Program Information Center 
Oak Ridge National Laboratory 
Martin Marietta Energy Systems, Inc 
P.O. Box 2008 
Oak R idge , TN '3~7831-6255 
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Distribution (27 copies) 
Office of S c i e n t i f i c and Technical Information 
U.S. Department of Energy 
P.O. Box 62 
Oak Ridge, TN 37831 

Mr. Tony Dvorak 
Energy and Environmental Systems Division 
Argonne National Laboratory 
9700 South Cass Avenue, Building 3 62 
Argonne, I L 604 3 9 

Mr. B i l l McNeill 
Science Applications International 
Corporation 
P.O. Box 2501 
Oak Ridge, TN 3 7831 

Bechtel N a t i o n a l , Inc. (5 copies) 
2 39 Mountain Avenue 
P.O. Box 160 
Middlesex, NJ 08846 

Pastor 
Middlesex Presbyterian Church 
1190 Mountain Avenue 
Middlesex, NJ 08846 

Mr. J . D. Berger 
Oak Ridge Associated U n i v e r s i t i e s 
P.O. Box 117 
Oak Ridge, TN 37831-0117 

DOE-Headauarters: 

Ms. M. J. Jameson, D i r e c t o r 
O f f i c e of Public A f f a i r s 
PA-1, Room 7A-145, HQ, FORSTL 

Mr. Edward R. Williams, D i r e c t o r 
O f f i c e of Environmental Analysis 
PE-7 0, Room 4G-03 6, HQ, FORSTL 

Ms. Kathleen I . Taimi, D i r e c t o r . ( 5 copies) 
O f f i c e of Environmental Compliance 
EH-22, Room 3G-092, HQ, FORSTL 

Mr. Raymond P e l l e t i e r , D i r e c t o r 
O f f i c e of Environmental Guidance and Compliance 
EH-23, Room 3G-089, HQ, FORSTL 

Mr. Michael A . ' K i r k p a t r i c k , A c t i n g D i r e c t o r (2 copies) 
O f f i c e of Environmental Audit 
EH-24, Room 3E-094, HQ, FORSTL 
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Ms. carol M. Borgstrom, Director (2 conies! 
Office of NEPA Oversight copies) 
EH-25, Room 3E-080, HQ, FORSTL 

James J. Fiore, Director 
Eastern Area Programs Division 

EM-42? S Q , E S r 0 n m e n t a l O r a t i o n 

James W. Wagoner I I 

off-L'S SSS c h i 4 f ( 3 c o p i e s> 
Eastern Area Programs Division 

EM-421, 0 H Q !
n ^ 0 n i n e n t a l R e S t°-tion 

DOE F i e l d O f f i c e , n a > ̂ H^p-

J- T. Alexander, M-4 
S. K. Oldham, EW-93 
Peter J. Gross, SE-31 (3 copies) 
L. K. Price, EW-93 
J. G. Hart, Jr., EW-93 
W. H. Seay, EW-93 
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CHAPTER 1 

l-THODUCTION AND BACKGROUND 



CHAPTER 1 

INTRODUCTION AND BACKGROUND 

T h e U n i t P H c *. 
known as the »p S t a t e s Government h a 

c " v i r o n m e n t a l 
As a resuJ t- e 

a n d a s s o c i a t e d n n S a t the M i d d l l ^ d e s c r i P t i o n s o f t h o 

r e p o r t s d - 3 ) d P r o P e r t i e s are 6 6 X Sampling Plant 6 

(ORNL) nn • P r e P a r e d by . DOE'S n P l S e n t e d i n t h r e e L S l t e 

i , „ £ n 9 i n e e r i n g 

• P W ^ p S ? S r \ ^ " P o r t to 

" m e d i a ! a B t % ™ " " " " " t i . n " o £ ' f h e " ^ " " u . " * ^ " ^ ^ Se 

I f one o f t ' 

f o r an Environmental A s s e l J T * 1 a c c o ^ n c u h ™ l s r e P ° r t i s 

Assessment as p resc r ibed i „ i n * g u i d e ^ n e s 
^ ^ ^ ^ A N D 

- " t h ^ c ' o r t r 0 7 ' ^ ^ - - u r c h a - t ^ o r n ™ 
4 3 2 W i l l i a m S t r f e t i " 1 3 3 n d D r a k * S t r ee t s * y , ° f M ° U n t V ^ g i n 
a c t i o n and i m o a r t ! * l n P l s c a t a w a y . f T h ( , ' a n d a residence a? 
F i * - e 1 -1 , a r a r P e a C ^ e s

0

e

f

n "
e M i d d l . s Z ; L a n d f a 1 ° ^ *>r remedia l 

Presented i n separate r e p o r £ s ? < 5 ^ }

 a l s ° s n ° " n i n 
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not t

T r h : . t

M i d d . 1 . " V c t S e ' ^ t ^ " s ° c i a " d " " P « « i . . are 
terms o f measured r ^ & A . ' r e analyzed i n d i v i d u a l l y i n 

Middlesex Sampling Plant-

n o r t n M i ' d d T e ' s C o u n t y 3 , N ^ r s e ? ^ a l ° r ° ^ h ° f i 

Cen t ra l R a i l r o a d o f New J e t s T ^ ^ ^ S " * S ° U t n o f ^ * 
w i t h a s t r e e t address o f 239 L \ h l q h V a U e y " ^ r o a d , 
designated as Lots " A 0-42 ^ U " 7 8 ^ 6 , T h e s i t * ^ 
Borough o f M i d d l e s e x . f o f f i c e * ^ 8 oZ ^ h e 

u n t i l T h r e

e c : n ^ ; b ^ e ^ h . ^ " i g o V e ™ m e ^ ' was occupied 
..-S . M a r i n e c'orp*. ^ n d ^ e ^ r

 a

T J ™ » J } - " a l ion o f ^ 
There are sevVn b ^ i l ^ n g s ^ s i \ l 3 A l T b u f l d ^ " " t a r ! 
s i t e are contaminated, and radVat ion m p « U l l d l n g s , a n d s o i l on 
r a d i o a c t i v i t y 1eve l s exceed inn V m e a s u r e m e n t s ( 1 ) i n d i c a t e 
radium i n s o i l and* ™ d o " d . u g \ ^ ^ f « 
t i o n s . (see Appendix A f o r * J V c o n c e n t J a t l o n a t some l o c a -
r e p o r t . ) PPenaix A f o r a g l o s s a r y o f terras used i n t h i s 

1-2.2 Associa ted P rope r t i e s 

Adjacent and Nearby P rope r t i e s 

S ^ p l I n ^ l a n T s ^ a d j a c e n t t o or nearby the 
i n Figure 1-2. T h e S e 1 ? H t a m i n . a t l ° n h a s been found are shown 
bu i ld?ngs , and v a S " l o t R a ^ i r 6 S i d e n c e s < c o h e r e 
do not i n d i c a t e t ha t the h ' n B « S 1 S U r V 6 y r n e a s u r ements (2) 
nated w i t h r a d i o c t f v i t y The m l f p r ° P e r t i e s a ^ contami-
c o n t a m i n a t i o n e x i s t s near" the s u r f a ^ ^ f ^ ^ d ° S h o w " a t 
c l e a r l y i n d i c a t i n g t h t wind and1 l a l l r • p r o p e r t i e s , 
a c t i v i t y f rom the s'ampl ing V l ^ n t ^ a t ' h . ' s o J r c V . " ^ ° ' 
Church Rectory 

l o c a t e d - P p V o " ' ^ o f Mount v i r g i n i s 
F igure l - l . T he Rectory i s a t h r e e - s t o f v s f , 3 ? 6 ' a S S h o w n i n 

w i t h a basement below ground i e « p l ° r y

P 1

S t r u c t U r e a b ° v e ground 
o f rad ium and e x t e r n a 1 , '• Elevated concen t ra t ions 
i n the s o i l s s " r d / rl l e V e l s w e r e 

concen t r a t i ons w . r . ^ ^ 2 2 ^ 
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TownsnTp* a4bo2utWV.e ia

m

mi e a J t ^ f ' r ^ " ^ ' l o « " ^ in Piscat* residence wit-h a s t o f t n e s i t e , i«? => ^ l s cataway 
Measurements , h

 3 P a r t i a l basement and a d i l J ° r y p r i v a t * 

^trB^hv- - H£ 
°£ radicac "ve ^ a t e / i a l s " ' 2 } e v e l s because c f ' t ^ " " S * " " 

6 3 1 3 Presented in Chapter 2. a n d a s s ° c i a t e d 
i -i 

E v a i u a U o T ° e n

p o r

(

c

A & r ° T h " — " l b * in the E n a i n . 
'he f o l l o , i „ , F ; ' ' . " « " s i * options were d e ^ / V " 9 

contamination 9 b a S l c «or c o r r e c t i n o ' r a d L a c t " : 

i ^ i — ° £ t i o n I - N o 

1 .3 .2 

nated p r o p . , " . S U C h " access t o " ^ ^ ! 

1.3.3 Option TTT 

Stabil ization refers i-« 

wi ^ atr?ea°sft T T j ^ " t ^ T ^ l l l t f " ™ -
radon emanation and e x t e r ^ T ^ C l a y " " " l l l l y r reduce""he" 

c P o n c e r e ° t £ e . " " t a ™ — * V pV r 'V„. ^ c a s ^ ' s ^ ' a s 
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1.3.4 Opt ion IV - P a r t i a l Decontaminat ion 

P a r t i a l decontaminat ion i n v o l v e s a c t i o n toward reducing 
J n ^ - f J - p o t e n V a l l y a c t i v e s o u r c e s o f f u r t h e r c o n t a m i n a t i o n ! 
I n b u i l d i n g s , f o r example , l o n g - l i v e d t r a n s f e r a b l e a lpha 
c o n t a m i n a t i o n m i g h t be c l eaned up o r cove red over w i t h an 
epoxy f i l m to check i t s spread. Radon gas and radon daughte? 
concen t r a t i ons can be reduced to a p p r o p r i a t e l e v e l s by v e n t i l a 
t i o n , f i l t r a t i o n , or other s u i t a b l e methods. R e s t r i c t i o n s on 
access to the s i t e may be r e q u i r e d . 

1 - 3 - 5 Opt ion V - Decontaminat ion and R e s t o r a t i o n 

Decontamination and r e s t o r a t i o n i m p l i e s t h a t a l l contami-
2 „ n i H n K 3 p r ° P e r t v w o u l d b e removed. Contaminated s o i l s 
would be excava ted to one o f two d e c o n t a m i n a t i o n c r i t e r i a -

C r i t e r i o n A - Decontaminate to radium 2 2 6 R a c o n c e n t r a t i o n 
of 5 pCi /g above n a t u r a l background l e v e l s 

C r i t e r i o n B - Decontaminate to n a t u r a l radium background 
l e v e l f o r the area ( a p p r o x i m a t e l y 1.0 t o 
1.7 pCi /g) 

Al though the o p t i o n a l c r i t e r i a f o r decontamina t ion l e v e l s 
f o r s o i l s o f 5 p C i / g above n a t u r a l backg round 'o r c l eanup to 

a f t h e ° U

t

n

i m ; a l r : H h a V e b ? . n

1

S e l e c t e d use i n t h i s eva lua t ion? 
a f r - ! % remedial a c t i o n ope ra t ions i t may be prac
t i c a l to remove the con tamina t ion to l e v e l s l e ss than 5 pCi /q 
The dec i s ions on removal to lower l e v e l s would be i n keePina 
w i t h the ALARA (as low as reasonably achievable) ph i losophy" 

The razed c o n t a m i n a t e d b u i l d i n g s and excava ted s o i l s 
s i t e ' ^ V r 1 ' / 6 t r a n s p o r t e d to an a p p r o p r i a t e d i s p o s a l 
h i ^ - n P decontaminat ion , the p rope r ty would be res to red by 

f o a r k u n r e s t r i c a r e d S u S 1 : n g " a n d ™ u l d be a v a i l a o ^ 

The f i v e basic op t ions ( I - V ) i n c l u d e the range o f remedial 
ac t ions considered f o r the former Middlesex Sampling P lan t and 
associa ted p r o p e r t i e s . The complex s i t u a t i o n ^ n J o l v i n g both 
p r i v a t e p r o p e r t i e s and the government-owned p rope r ty does not 
p e r m i t a c l e a r s e l e c t i o n o f any one o f the b a s i c o p t i o n s 
Because o f the l a c k o f an a p p r o p r i a t e d i s p o s a l s i t e f o r the 
c o n t a m i n a t e d m a t e r i a l s , t i m e - p h a s e d c o m b i n a t i o n s o f these 
op t ions should be cons idered . Six op t ions f o r remedial a c t i o n 
are presented which combine the most p r a c t i c a l basic op t ions f o r 
each p r o p e r t y . These proposed op t ions f o r remedial a c t i o n are 
n r o L ^ p f l n . P a " 9 ™ f h the a c t i o n s associa ted w i t h each proposed o p t i o n are l i s t e d i n Table 1 - 1 . 

1.4 PROPOSED OPTIONS FOR REMEDIAL ACTION 

The f o l l o w i n g proposed o p t i o n s f o r the r e m e d i a l a c t i o n 
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program at 
p r o p e r t i e s 

the 
are former Middlesex Sampling P lan t anri a 

Option A - No A c t i o n 

the pVopVrtl l 1 3 ' ^ ' n ° a C t i o n w o ^ d 

c o n s f d e r a t i

y n U ? a ! ? ' " U n c h ^ g e d _,, _ ^ 1 1 • i t a l s o i c n t . « j 
c u r r e n t c o n d i t i o n s 

1 . 4 . 2 

be t a k e n a t a l l ; i . e 

a l s o i s u s e " d " \ T * n r J c

h l S . ° . p t i o n r e q u i r e s 

Permanently i n A

P

r e a ^ s ^ o w n ' I n ^ u V e T f . 1 * " " d ' 

B u i l d l V « u l ^ i ^ x ^ 4 " V n V ' t h * " 1 ' " t n » » " » - T Process 
removed and' s t o ^ d « e C ~ S ^ r ? ^ ^ 

Con tamina t ed m a t e r i a l ,• „ A 
impermeable membrane and t L n " t / ^ A W ° U l d b e s e a l e d i n a n 

reduce gamma r a d i a t i o n and 1 * t a b * \ l z e * a s o i l cover " 
would be e f f e c t i v e i n r e s t r i c H n e x h a l a t l ° " . The e x i s t i n g fence 

1.4.3 ODt i on r r\ 

— E f l p l M e r i i ^ ^ 
StofagT portion of the site: Permanent riZZttr-

t a m i n a t e d ^ a n T r ^ s ^ w ° " l d be decon-
Permanently i n A r e a ^ t t ^ S ^ l ^ p ^ r b * 

P o » s i W . " i \ 1

c

n

f l ' ^ of s t r u c t u r e s would be 
structures also can involveJl* H o w e v e r ' decontamination of 
excess of the cost t-o H J I ! X t e n s : v e a n d costly e f f o r t s °n 
not be assured T h e S d ? t h e m - M ° r e o v e r - success wouS 
Plant are old and t h e nature'o p ' t n M i d d l e s e x Sampling 
decontamination e f f o r t s ^ e n e ^ y V n a ^ l S r ^ ^ 

r a z e d ^ a n d ' A ^ e a ^ B ^ o u l ! be £ r ^ " P f ^ ^ a n t s i t e would be 
u n r e s t r i c t e d use. The contamintJ 5 t a m i n a . t e d a n d " s t o r e d f o 
an impermeable membrane Z T s ^ W o u l d b * sealed i n 
then would be s t a b i l i z e d to ? L p e r m a n e n t l y m Area A, which 
- h a l a t i o n . A r e a A « ^ ^ i ^ : 1 . T c . 3 ^ r . r ^ V r V c ^ 0 n . c 4 c ' ^ . . 7 , , , ' ; 
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surveillance and maintenance program would 
containment of the contaminated m a t e r ^ s ? be required to assure 

1.4.4 Opt ion D - Decontamination a n d R e s t o r a t i o n o f A 

c o n t a i ? „ 1 a 8 t e d P ^ t 0 . n r i . 8 i . ^ L ' s U e d ' ? e m * ' 
the Sampl ing P l a n t s i t e A f t . r t e m p o r a r i l y i n Area A 
se lec ted H and%repared to rece ive t h . / ^ 0 ^ d i S D o s a l s i t e w 
t empora ry s t o o g e p i l ^ H Z T * ^ m T v e d T n d " ^ T ' V ^ ' ' 
decontaminated and r e s t o r e d . removed and the e n t i r e s i 

t h a t the 
Area A o f 
s i t e was 

the 
t e 

t empora ry s t o r a g e p u e wo 
decontaminated and r e s to red 

c o n t a m ' i n a t e d ' ^ n d 6 Ves t o r e d ^ n d ' * t I * p r o P e r t i e s would be de -
t e m p o r a r i l y s to red i n Area A. ' A S i n o U i o n T ^ ^ 
be removed and process b u i l d i n g d r a i n s 
p r e s e n t spread o f c o n t a m i n a t i o n . Access t o t h 
would be r e s t r i c t e d by the e x i s t inn f V L l „ • h e e n t l r e s i t e 
s torage p e r i o d . A s u L i l i a n " V n " 3 l l ^ l t _ d U r l n 9 t h e temporary 

m a t e r i a l s 
yard d ra in s would 

wou ld be p lugged t o 

A f t e r a remote d i sposa l s i t e has K « « „ 
the contaminated m a t e r i a l s Phase i f ' ' = n prepared to accept 
i n v o l v e t r a n s p o r t o f t h e c a d P h a S e 1 1 

s tored i n Area A to the disuosS l t

 6 d m a t e r i a l s t e m p o r a r i l y 
and complete decontamination" and' ™ « o r « " n * o ? f * a U b u i l d i ^ s " f o r u n r e s t r i c t e d use. ' " " r a t i o n o f the e n t i r e s i t e 

be r e ^ d fJom t ^ R e c ^ ^ f r o m " - t e r i a l would 
S t ree t be fore any o ther remedial I Proper ty a t 432 W i l l i a m 
h i g h l i g h t s of the opera t ions t h a t w o l h" W - ° U l d

1

 b e t a k e n ' T h e 

Appendix D. However ^ e V n J V V , l n v o l v e d are g iven i n 
t h i s p o t e n t i a l subcase ^ O p ™ n T ^ U * ^ r e l a t i ^ ^ 
e n v i r o n m e n t a l a n a l y s i s b u t t r « = * - i discussed i n t h i s 
Option D. 7 ' b U t a r e s ^ i l a r to those g i v e n f o r 

1.4 .5 Option E - Decontamination a n d R e s t o r a t i o n of A 
P rope r t i e s a n d * p - r r i n n , , f i h , f f ° £ A s s o c i a ^ H 

Storage" f o r e i g n of the S i t e ; Temporary 0 n - f i i t o -

n a t e d T m a S t e r L t ^ s O ^ o u ^ d S i S e l a s r t o t r e O d 0 P t i O n C ' - S X C e p t t h a t - " t a r n i -
a remote d i s p o s a T s i t e has b t n T " ' 1 ^ i n A r e a A - A f t e r 
m a t e r i a l s would be removed and 1 7 " ^ u h e c o n t a m i n a t e d 
and r e s t o r e d . ° d A r e a A W o u l d be decontaminated 

t a m i n a t " d n g a n d P h r e e s t o r e d t ^ d

a S t ^ P rope r t i e s would be decon-
s tored i n Area A. B u i l d i n g s ?S Area B ^ W ' ^ K

m a t e r i a l s " o u l d b e 

would oe decontaminated and es^ored f o r ^ r a 2 6 d a n d A r e a B 

contaminated m a t e r i a l s would be s t o r . H t u n r e s r i c t e d ^ e . The 
wouia oe s to red t e m p o r a r i l y i n Area A. 
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Area A would be fenced *nH 

1 A C . 

P r e - n ^ T n ^ ' ^ 

Evaluation r e p o r t " ? ) " ^ K 4 w h i c h « • from t'J?* 

presented in Chapter 4. ° £ a d v a n « 9 e s and disadvantage, i s 

iSS^^T"""* 1 " ' ' " ' . / hVaVth 7 o £ t e c h n l c a l ««• 
Iar\v H a n d a d« = ription of tnt efflmp,acts (Appendices e 
early decontamination of n, „ efforts involved in rhl 
Lady 0£ Mount v i r a i n °H " R e c c ° r y of the Church of n 
(Appendix D) . V l r 9 1 n a n d t h * property at 432 w i m ^ street 
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® 
GREEN BROOK 

LANDFILL SITE 

HARRIS AVE 
MIDDLESEX 

CHURCH R E C T O R V " ^ 
PROPERTY ^ > 

432 WILLIAM ST 
PROPERTY 

- V . 

<?<e SAMPLING 
i f PLANT SITE 

• "~W> 

6Vc 

READING RR 

PISCATAWAY 

287 

FIGURE 1-1. GENERAL AREA OF SAMPLING PLANT AND VICINITY 
230-005 



LEHIGH VALLEY RAILROAD RIGHT OF WA^ 

9 200 400 600 FT 

LEGEND: 
R = RESIDENCE 
C = COMMERCIAL 
V = VACANT LOT 

FIGURE ,-2. LOCATIONS OF ASSOCIATED PROPERTIES IN THE VICINITY OF THE s!7E 

NOTE: 
NUMBERS 
DESIGNATE 
LOTS UNLESS 
OTHERWISE 
INDICATED 
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TABLE 1-1 

Option A 

Option B 

Option C 

Associated P r o p e r t i e s : 

S i t e : No Ac t i o n 

Associated P r o p e r t i e s : 
Restoration 

No A c t i o n 

Decontamination and 

1) Excavate contaminated s o i l s and m a t e r i a l * 

3) B a c k f i l l and landscape 

S t o r a g e * * " * 3 1 D e c°ntamination; Permanent On-site 

1) 

2) 
3) 
4) 
5) 
6) 

Plug process b u i l d i n g d r a i n 
R e s t n c t e n t i r e s i t e using e x i s t i n g fence 
Perform maintenance and s u r v e i l l a n c e 

Associated P r o p e r t i e s : 
Restoration Decontamination and 

1) Excavate contaminated s o i l s and m a t e r i a l s 

3) B a c k f i l l and landscape 

p 8ir«n.„ D: CS n

n. tI?U n asno 0r n^ d R « " " ' » o " ° * Area a : 

1) 

2) 

3) 

4) 
5) 
6) 

Raze b u i l d i n g s , remove d r a i n s and excavate 
a l l contaminated s o i l s i n Area B e X ° a V a t e 

Excavate, b a c k f i l l and seal Area A w i t h 

L ^ ^ n i n d ^ r ^ " ^ 3 1 5 P " — " t l y 
B a c k f i l l and vegetate Area B 
R e s t r i c t Area A w i t h fence 
Perform maintenance and s u r v e i l l a n c e 
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TABLE 1-1 (Cont) 

Option D 

Option E 

m a t i o n and 

1) Excavate contaminated s o i l s and material e 

3) B a c k f i l l and landscape 

1) 

2) 
3) 
4) 

6) 

1) 

2) 

3) 

4) 

A?M v r;^£ a ?- f i n a n d s e a i s u r f a ^ of 
area A w i t h l i n e r 
Remove yard d r a i n 
Plug process b u i l d i n g d r a i n 
^ ° A r e a C ° A t a m i n a t e d m a t e r i a l s t e m p o r a r i l y 

Phase ii - Decontamination and Restoration 

* ̂ VDW —nated llV^ll 
Remove m a t e r i a l s t e m p o r a r i l y stored on 

Raze^buildings and excavate contaminated 

o e r m a n ^ c o n t a m i n ^ e d m a t e r i a l s to 
l l l T f T ^ r e m ° t e d i sP°sal s i t e B a c k f i l l and vegetate 

R e s ^ r ^ t r o n ^ 0 ' 6 ^ 1 6 3 1 D e c°ntamination and 

2) s X n a . a t e c o n t a m i n a t e d s o i l s and m a t e r i a l s 

"o.r?tr?ia..nard m a t e r i a l s ̂ "'"S 
3) B a c k f i l l and landscape 

1) 

2) 

3) 
4) 
5) 

" 0

A

r

r e a 0

A

n t ^ d

n a : v 1 r

m a t « i a l s t « p . , . r a y 
B a c k f i l l and vegetate Area B 
R e s t r i c t Area A w i t h fence 
Perform maintenance and s u r v e i l l a n c e 
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TABLE l - l (cont) 

Option F 

1) 

2) 

3) 
4) 

to Remote Storage C o n t a n u n a t e d M a t e r i a l s 

H - o v e m a t e r i a l s t e m p o r a r i l y s to red on 

L X C A a r a e a t e A C ° n t a m i n a t e d S o i l s - " d m a t e r i a l s 

? " ^ D o ^ a n d V e ^ e t a t e Area A 
ranspor t contaminated m a t e r i a l * * 

permanent remote d i s p o s a l s i t e 
Associated P r o p e r t i e s - n a / , 
Res to ra t ion p e r t l e s - Decontaminat ion and 

3) B a c k f i l l and landscape 

^ * ^ ^ a ^ o l £ R - t o " t i o n , D i r e c t 

1 } e x c a v a t e ^ 1 " 9 3 ' r e m o v e ^ a i n s t and 
2i * X C a v a t e contaminated s o i l s 
2) Transpor t to permanent remote d i sposa l 

3) B a c k f i l l and vegeta te 
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CHAPTER 2 

DESCRIPTION OF EXISTING ENVIRONMENT 

c o n c U ^ t h e p r e s e n t 

and the associated p r o p e r t i e s T H . d d l e S e x S a m P l i n g P lan t s i t e 
the r a d i o a c t i v e contaminat ion* and r o ™ e n t a l impacts from 
the proposed o p t i o n * f n P " d t h e l m P a c t s associa ted u i ^ 

" i-a, r u t u r e g rowth an^ ~„ socioeconomir 
d iscussed. ^ C t l ' a n d economic p o t e n t i a l s a l s o ar"e 

s i t e a n d ' ^ s s o V i a t e ^ p r S p e m e ? ^ " f 1 3 " 0 " e n v i r ° n m e n t o f the 
w i t n n a t u r a l background r a d i a t i o n i ,° p r e s e n t ^ and compared 
g u i d e l i n e s . This i n f ^ ^ o s - d r a d i S J * 
hea l th impacts (Chapter 3) « 1 , 6 b a s i s f o r de terminina 
f o r remedial a c t i o n } a S a r e s u l t o f the proposed o p t ? o n J 

_ _ ( l - 3 ) 

o f about " r ^ L . ^ ^ g u ^ V r i s 3 ^ 6 " b U l l d i n - *n an area 
b u i l d i n g s , paved a r e a ? e n , i 3 m a p o f t n e s i t e showing 
P r e s e n t l y , a ma j o r p o r M o n n f ' 3 n d o f f " S i t e d r a i n a g e 
asphal t s u r f a c e . The s i t e , S l t e i s c o v e " d wi?h an 
l i n k f e n c e . The d r a i n a g e d i t c S T " ^ ^ a 6 ' £ ^ 9 h c h a i n -
empties i n t o Main s t rp£m : l t c h f r o m t h e s i t e ( F i g u r e ; ? i 

.2.1.2 Associa ted P m p » r < . ^ 

Adjacen t and Nearby P r o p e r t y * 

f ^ ' " ^ ^ i s open and serves as a 
smal l t r ee s , grasses, and s r a a l l a ' n W f i ? " 3 C o n t a i n s b r u s h , 
f l ows f rom the south end of T h « JVl *. 6 * A dra inage d i t c h 
i s about 600 f t long Main i l t & t 0 M a i n Stream. The d i t c h 
sou thwes te r ly f rom ?he s i Je t h r n f ^ ( F i g " r e s ^ and 2-2) f l ows 
approximate ly 2,300 f t wher^ £ « U ^ ^ o ^ f " 

" n t i ^ V . ' ^ ^ ^ a c e n t to the s i t e or 
Locat ions are shown in Figure^ i - a . " 1 " S u r r o u ^ i n g the s i t e 
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Rectory of the Church of Our Lady of Mount V i r g i n 

The Rectory i s located approximately 0.3 mi to the west of 
the Sampling Plant s i t e , as shown i n Figure 1-1. i t i s a 
three-story structure, with a basement below ground surface. 
The grounds are landscaped w i t h t r e e s , f l o w e r s , lawns, and 
shrubbery. The Rectory property also has concrete walkways, a 
garage, and asphalt pavement. 

432 William Street 

The William Street property i s located about 0.8 mi east of 
the Sampling Plant s i t e , as shown i n Figure 1-1. i t i s a 
p r i v a t e residence c o n s i s t i n g of a one-story d w e l l i n g w i t h a 
p a r t i a l basement and has a detached garage. The driveway i s 
asphalt and there are two small concrete slabs on t h i s property, 
one at the f r o n t and one to the rear of the residence. The 
southwesterly part of the yard i s fenced w i t h a 4 - f t - h i g h 
chainlink fence. Inside the fence is a cinder-block barbecue 
structure. The front and back yards are predominantly lawns 
with an assortment of trees and shrubs. 

2.2 PHYSICAL ENVIRONMENT 

2 . 2 . 1 Topography 

The t o p o g r a p h i c c h a r a c t e r o f t h e Sampl ing P l a n t s i t e , 
as w e l l as o f the s u r r o u n d i n g areas and o t h e r a s s o c i a t e d 
p r o p e r t i e s , i s g e n e r a l l y f l a t w i t h an e l e v a t i o n o f approx imate ly 
55 f t above sea l e v e l . E l e v a t i o n s o f t h e Sampl ing P l a n t 
v i c i n i t y are i n d i c a t e d i n Figure 2-2 . 

2 .2 .2 Geology 

The unconsolidated materials in the v i c i n i t y of the s i t e 
r e f l e c t i t s r e l a t i v e l y recent geologic history of g>laciation and 
p o s t - g l a c i a l environments. Underlying these deposits are 
the T r i a s s i c shales of the Brunswick Formation.(4,5) These 
sedimentary strata are the upper u n i t of the Triassic system, 
which includes the Brunswick, Lockatong and Stockton Formations, 
as shown in Figure 2-3. 

The- dominant s o i l types are s i l t y to sandy loams with 
observed thicknesses over bedrock ranging from 1.5 to 8 f t . 
The common c h a r a c t e r i s t i c s of the upper s o i l type include 
shallow slopes, a seasonably high water table, and a hign f r o s t 
a c t i o n p o t e n t i a l . Other c h a r a c t e r i s t i c s vary w i t h the s o i l 
types; for example, drainage varies from poor to moderate and 
the s o i l permeability i s from slow to moderately rapid.(4,6) 
Figure 2-4 shows the d i s t r i b u t i o n of s o i l types in the v i c i n i t y 
of the s i t e . Table 2-1 indicates the various cha r a c t e r i s t i c s of 
the s o i l types. Much of the o r i g i n a l s o i l has been disturbed, 
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2.2.3 Hydrology 

i n c l u d V W ^ v " " " " 4 " S l i r f a c e » « e r S in the a r e , 

. f ^H^7-"^?v-^ f---1 

Samplin? p ° 1

£

a n

t

1 .
h e a r * =h0wn in f i " re 2 2 i n t h * 

< c " ° t „ - ^ r

a - ^ - - t c h , r 2 . 2 ) w h o s e s o u r c e ; 
Stream about 1 ,700 f t west of / I W S w e s t w a ^ d ( j o i n s Main 
o r i g i n a t e s j u s t to the south n f 0 ^ 9 ^ ' A n ° t h e r s n a i l d i t J S 
drainage easement d i+Jl S ° u t h o f the s i t e and w e s / . f , \ 

- t e n s e r . f n ^ . f 1 ™ 1 " ' ' » * off the . l t V d u J f n V . n V . f t . ; 

~ t i ? " ^ 
drinking w . t e ? nefeV ^ " c " » " '« " n - l a ^ I S " " ^ ^ ^ 
R i v e r s , because of L v v ° f t h e R « i t a n and M l l l s t o n I 
i n d u s t r i a l wastes discharged i n t o ' V h V " 1 - 0 " o £ ™ n i c 1 P a i and 
sources. T h e M l i s t o n e « . „ , . , : f r o . v.rlou". point 

^.b mi upstream 
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from where Green Brook enters th*» n a r i f = n «• 
F i e l d v i l l e Dam in Piscataway! t h p r e s e n c e of saft \ B e l O W t h e 

further compounds the water i u a l i t S nr«S5 ? ° t n e r i v e r 

Bound Brook'are not use? a*/ s c r e e s ' o*/ p o t t l e ^ater!* ^ " d 

R a r i t ^ R W « ? V ^ L ° " ^ 
i s not presently using these r ight s and 'prefers t o . c ™ P * n y 
from the Delaware and Rari tan canal t h - Preters to obtain water 
use does e x i s t . " " i t a n Canal , the future prospect of such 

Ground water in Middles*** r n , 
deposits and in bedrock aquffers (8? r l T J ? u " c ° n s ° l " a " d 
reservo ir s in the v i c i n i t y of the' s i h „ I m a ; l 0 , r 9™und water 
sandstones and s h a l e s o / t h e B r u n s w i c k " S ! ° f t n e T r i a s s i c 

county, but these'a™ pr^ient 1 ^ " ? ^ ^ ' " l n ^ 

G e n e r I n y , B T t 7 i l c o ™ d ° n i n i S l " 9 H * l y * £ " " u " ^ - £ e r . ( 8 , 
formation i s ^ e r l a i n " ^ ^ V ! " ™ S ^ " * ™ ™ * * - «h ere this 
P e r m e a b i l i t y , or by u n f / a c t B r un s w Tck ' s ha l e*s° n- 6

t .
S , ° ^ *ow 

confined. The open nature of t-ho f , a ! ! s h a l e s i t becomes 
there i s l i t t l e natural f i l tratior! ' 6 / q u x f e r n e a n s t h " 
reaches t h i s formation £ l l t r a t l o n and p u r i f i c a t i o n once water 

State Department of E n v i r o n ^ ^ ^ J e r S ^ 

oEiirbi-rto £r1^^-^ 
well f i e ld supplies as ^ c ^ s ' U ^ C O C ^ d ^ . ^ = 

. « . t f f i ^ 1 d " t t ! , U i f , J h

, . V 1

1

t V how 6 " 1 1 " 5 ^ aged 
thin, unconfined surface zone T ^ V i A * " a q U i f " U ° n l ' a 

water flows southwest to Main S t r e a m n a " ° " u n c ° n « ined ground 
p o s s i b i l i t y of contaminating g r o u n T ; a t e r a o n f ^ t h e r e i S a 

analyses of well water do not i n d i A * . „ E a ? u l £ e r s , sample 
s i te reaches deep aquifers and f ho K , ° , n t a n , l n a t i o n £ r o m the 
tapped near the s i te ' shallow aquifers are not 

2.2.4 Meteorology 

the r m V a " r ^ ? 9 i r i s t i n % t % l n d e i t 7 q U i r e d ^ t e r m i n a t i o n of 
degradation to tne a i r l u a M t J U w n e t h " s h o r t - t e r m 
«"-5 - i , or to 
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r e S U l t £ r o m « . l a c t i o n work . 

National Wea^Vr" V r l w S i t e i s aPProximately , , . c 

- - ^ a t ^ 

t i n 5 the pe r iod 1941 

the winds come f r ™ VK y * A p r U i s the t r a n ^ i n 1 , 6 a n d 

i l - 3 rai/hr n, n e w e s t ~ n o r t h w e s t a t *„ a n S l t l o n *onth when 
P r i m a r i l y f r ? 9 t h e remainder of t h p a v

u

e r a g e v e l o c i t y Q f 
r o s e . ) r U y f r ° n i t h e ^ " t h w e s t . ^ s e V g ; ° f S ' 6 

9 r e 2 - 6 f ° r the wind 

o ^ ? ^ ^ - ° - 1 - i r 9 ^ 9 ^ - a - - « as i . 9 i n . 
annual P ecipiL^? " i n t e r P-1 ' o f 196 S* titT ™ C ° ^ 
dur ing 1965 and V V- 1 3 4 1 ' 6 4 i n - w i t h a 1 i ' A v e r a 9 e 
i s sp ea v v l l g t l o f " . 3 0 i n . d u r i n g 19%, ° W , ° f 2 6 ' 0 9 

evenly throughout the year? ' T o t a l mois tu re 
2.2.5 Er.nl 

I n 19 7 3 

remaining three ar% V b e endangered, eiaht *JT f t h e s e 

P — a t ^ i o n a" '.^.^T^Vf. " ^ -
c „ - f o l l o w i n g p l a n t s -
S - £ i e J ! H f i £ N a m e n

 y p i a n t s -
Common Namp 

Habenaria ciliaris 7 7 ~ 
Yellow f r i n g e d o r c h i d 

Habenaria c r i s t a t a (orange plume) 
Lathyrus venosus Crested y e l l o w o r c h i d 
A r t e m i s i a caudata r * e

1

t ^ h l i n g or w i l d pea 
T r i g l o c h i n mar i t ima wormwood 
Ranunculus f l a b e l l a r i s t e f f i d e a r r o w ^rass 
E leochar i s diandra e l o w w a t e r - b u t t e r c u p 
L imose l l a subulata Spike rush y 

Mudwort 
Rare species include the f„n 

the following plants; 
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S c i e n t i f i c Name Common Name 

Carez limosa 
Pyrus a n g u s t i f o l f a 
Populus heterophylla. 
V i o l a b r i t t o n i a n a 
U t r i c u l a r i a purpurea 
Phoradendron flavescens 
Polygala p a u c i f o l i a 

Polygala mariana 

The 

Mud sedge 
Wild crab apple 
Swamp or black Cottonwood 
B r i t t o n ' s v i o l e t 
Purple bladderwort 
American m i s t l e t o e 
Flowering wintergreen 

f r i n g e d polygala 
M i l k w o r t 

or 

three plant species whose status i s "undetermin»H » 
current status i s e i ther rare or endangered but ! 

c u r r e n t l y a v a i l a b l e i s inadequate to l a n

 l n f o ™ a -

status accurate ly , are as follows- a s c e r t a i n p r e c i s e 

i . e . 
t i o n 

S c i e n t i f i c Name Common Name 

L i p a r i s l i l i f o l i a 
Habenaria peramoena 
Micranthemum micranthe-

moides (Nutt.) 
(Hemianthus micranthemoides) 

L i l y - l e a v e d or large twayblade 
Purple f r i n g l e s s orchid 
N u t t a l l ' s micranthemum 

A s i m i l a r breakdown and descr ipt ion of rare 
s p e c i e s of animal l i f e in t-h i c i , a n d e n dangered 

of these species has been ident i f i ed to ex i s t 6 X t e n S 1 V e ' 
to be indigenous to the areas of the s i t e . p r i n c i p a l l y 

none 
in or 

consist"" . ^ T i c " ? . " s ^ r 1 " ^ • ^ , i S s 
in the program. F u r t h e r m o r e V / V n V V b U ' s p e c i e " o f ^ o r a ^ 

ident i f i ed within the v i c i n i t y of the S i t e ! h a S been 

E f f e c t s on n a t i v e 
presented i n Chapter 3 
proposed options. 

and e s t a b l i s h e d f l o r a and fauna are 
under the impacts associated w i t h the 

2.3 SOCIOECONOMIC FACTORS OF THE SITE AND VICTMTTV 

The p r o x i m i t y of the Sampling Plant sit-P *n^ 
pr o p e r t i e s i s such t h a t i n d i v i d u a l treatment of 
each l o c a t i o n i s not j u s t i f i e d . I n s t e a d , t h i s 
tne socioeconomic environment as a p p l i c a b l e 
area i n general. 

s e c t i o n 
to the 

to p i c a t 
d iscusses 
Middlesex 

2.3.1 Present Population 

For the purpose of h e a l t h e f f e c t s c a l c u l a t i o n s , , the 
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« V e » " ? r o n

O P

t

U

h . A V i ° t : l ^ s 1 6 " C t ° " ^ d i S — o f o 50 0 7, 
w i t h i n each sector? (16, i f f e s J ^ t e d f ^ m a count of r e s i d e d ' 
m F i g u r e 2 - 7 . T n e r J ^ T h e P o p u l a t i o n es t imates a r - J S 

s i t e boundary i s f l ? 1 P o p u l a t i o n w t m f W J 
approximate ly 2, T s V d i . m ^ V ^ t 0 b e 9 ' ? 0 ° P ^ p l e " l v i ^ °„ f 

^ ^ E ^ i d e m i o ^ ^ 

E p i d e m i o l o g y e n t a i l s m 

M i U a u " ^ ~ i - I , , 
As shown i n F i a u r p ? o 

Land -use i n Middlesex ic n . 

P i r a ° n ( l C 6 U ) r r e n t P l a n s and s e T K ^ / 0 C h a n 9 e g r e a t l y P l a n U b ) c a l l s f Q t i n a

g e ; , r h e M i d d l e s e x 1976 Masted 
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r e c e n t l y has passed a new master p lan c a l l i n g f o r the develop
ment o f severa l r e s i d e n t i a l areas on s ec t ions o f t h i s vacant 
l a n d . ( 1 7 > 1 9 ) i f the plan i s f o l l o w e d , p o p u l a t i o n i n Piscataway 
w i t h i n 1 mi o f the s i t e c o u l d i n c r e a s e by as much as 12,000 
p e o p l e . T h i s area i s l i k e l y t o d e v e l o p as a r e s u l t o f tne 
a v a i l a b i l i t y o f r a i l r o a d and freeway systems and because of i t s 
p r o x i m i t y to New York C i t y . I n a d d i t i o n , growth i s p r o j e c t e d to 
occur r a p i d l y i n the next 10 to 15 y r , f o l l o w e d by a pe r iod of 
slower development. Popu la t ion i n t h i s area probably would not 
dec rease ; t h e r e f o r e , the p r e s e n t p o p u l a t i o n i s assumed to 
be a l o w e r l i m i t . For an upper l i m i t , t he p o p u l a t i o n i s 
p r o j e c t e d to grow oy approx imate ly 14,500 r e s iden t s over the 
next 25 y r . These r e s i d e n t i a l p o p u l a t i o n p r o j e c t i o n s are shown 
i n F igure 2-9. 

The p r o j e c t e d p o p u l a t i o n f i g u r e s a re used to e s t i m a t e 
p o p u l a t i o n dose ra tes i n Appendix C. 

2.3.4 Economic P o t e n t i a l 

F u t u r e employment i s more d i f f i c u l t to p r o j e c t than 
p o p u l a t i o n because a s i n g l e l a r g e manufac tu r ing or i n d u s t r i a l 
complex could increase employment i n the immediate area by as 
much as 15%. There are a p p r o x i m a t e l y 250 ac res o f vacan t 
i n d u s t r i a l p roper ty i n the area , as w e l l as cons ide rab le under
u t i l i z e d space f o r other e n t e r p r i s e s a f f e c t i n g the economy. i f 
present trends f o r l o w - d e n s i t y employment, such as s p e c i a l i z e d 
i n d u s t r i a l and warehous ing d e v e l o p m e n t , remain unchanged i n 
Middlesex and Piscataway, the number of employees i s not l i k e l y 
to increase by more than 1 ,900 . I f space were u t i l i z e d more 
e f f i c i e n t l y and i f severa l h i g h - d e n s i t y i n d u s t r i e s were moved 
i n t o the area, the number of employees might increase oy as much 
as 4,000. Conversely, i f a severe depress ion a f f e c t e d severa l 
i n d u s t r i e s i n the a r e a , a decrease i n the employment f o r c e 
of up to 10% could l a s t f o r severa l years . These high and low 
e s t i m a t e s are i n c l u d e d i n the employment e s t i m a t e s shown i n 
Figure 2-9 . 

Employment f i g u r e s f o r the area were based on a f r a c t i o n of 
the t o t a l employment f o r Middlesex and on va r ious i n d u s t r i a l 
guides and maps of Piscataway. ( - 2 0 ' 21) There were approximate ly 
4,450 people employed a t f i r m s loca ted w i t h i n a 1-mi d i s tance 
f r o m the s i t e w i t h 3,200 o f these assumed to be l o c a t e d i n 
Middlesex and 1,250 i n Piscataway. Most o f the employees i n 
Piscataway are loca ted i n an i n d u s t r i a l area between 0.75 and 
1 mi south of the s i t e . 

The approx ima te 9 . 6 - a c r e Sampling P l a n t s i t e i s zoned 
f o r i n d u s t r i a l use, w i t h land sur rounding i t zoned f o r s i n g l e -
f a m i l y r e s i d e n c e s , and f o r commerc i a l or p u b l i c u s e . d 6 ' ! " 7 ) 
I m m e d i a t e l y to the sou th i n P i s c a t a w a y , t he area i s m o s t l y 
vacant land but i s p r e sen t l y zoned r e s i d e n t i a l . Approximately 
15% to 20% of the l and w i t h i n 1 mi o f the s i t e i s vacan t 
p r o p e r t y . Rai l road spur l i n e s are access ib le to most of the 
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1.2 
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20,000 
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r ^ c t l v e 3 ^ ^ U 7 a V Q T ' i r a d i U m ' a n d l e a d ' a r e c h e m i c a l l y 
t h e r e f o r e " n d s ' t o ema^te ^ r o m t h ^ a r ^ f R - d o » 
and rad ium are p r e s e n t A 1 V a r 6 a S w n e r e cranium 
i n n a t u r e , t h e i r c o n c e n t r a t i o n , 9 i r a d i o n u c l i d e s occur 
o rde r s -o f -mayn i tude g r e y e r t i l l • U r a n i u r a o r e *re s e v e r a l 
r o c k s . The'se^ r a d i o n u c l i d e s a re V * " ' 9 - 6 n 3 t l f a l S o i l s a n d 

concern i n t h i s r e p o r t a n d % h . p r i n c i p a l p r o d u c t s o f 
considered f o r r e l d 1 a c t L ? I T " 6 ^ t h e c ° n t a m i n a n t s 
associa ted p r o p e r t i e s " t h e S a m P l i n 9 P lan t and the 

u r - n i ^ ^ ^ ^ ft-i t h i n the 

th1 l aamoun St- o f ^ n ^ r ^ f a t i o ^ ' a r f r e l a t e d ^ 
body s u r f a c e or T n t e r n a l f y bv a l n h ^ " t h e b o d y , e i t h e r on the 
and gamma rays . T e S b e t a P r i d e s , 
members o f th ' is c h ^ V a ^ i n V ^ ^ ^ o f the 
a l l members o f t h i s decay c h a i n T r e ^ h o w n ' i'n ' t h i s ^ u r e ° ' 

a d e q u a ^ ^ n t T l ^ t i ^ n " i n v o c a t i o n s b

h

u i l d l n * 8 d ° not have 
concent ra ted i n s o i l such as n*? " I * " u r a n i u m a n d radium are 

concern do not genera l ly , occur concen t r a t i ons o f 

Pathways o f Rad ia t i on to Man 

reachSe°smema°nf aTe U ^ a ^ -anium 
primary means Oy which people are exposed to Vho , t W O 

taking radioactive materials i t 11 I radiation: by 
exposed to highly penetrating gamma r a y T n e Ji'rat^ f b > i n 9 

divided into ingestion (which means eaM™ J h e , f l r s t o f these is 
drinking contaminated liquids) !nd i ! !• c o n t a m i n a t e d foods or 
to the breathing-in^f'r^d^a^tive ma't^alT ^ 

and i s r e t a i n e d as radon daughters . decays i n the lungs 

r a d i o ? c h t V v V d 0 u n s t 0 l s r o d c ^ r i V % P a r t i = u l a C e s n a * « « « " I f 
by wind f rom areas t h a / d o not nave" " V " ^ 1 " 1 a c t i v i t i e s o r 
can i n c r e a s e rad i a t i o n ^ o s u r ? , V a y T e " e X V t e d ^ f r 
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f ° o d whioh K C n e d r a d i o n u c l i d e s 
a c t i ve"dus t o n 3 - ' 6 6 0 n i V S r a d i u m ' and by e a t i r„, u u s t on i t s qnr f = ~ contaminated *».a»-f-K y e a t i n q 

r M l M " c l " " « " t h e ^ e a t ^ 9 6

 h a v e t . / « « l ; t h a t 
j - c v e i s o f 

e f f e c ^ t o 3

 Y

r a y s ' k n o w n to be h iah iw 

decay o f 2 1 ^ ™ ores Vnd ° f t h e 

a r i s e s mainly 
Ra d io 1 oa i r» = i 

amount o f r ad i JV m e a s " r e m e n t s p r o v i d e 
p a t h „ a y s

a t l 0 L ^ a t 1 3 b ^ h / " : n

d „ f i t t e d l n d l C a t i o n <•* M . 

g round l e v e l s a r e 

J h e d ose f r o

e

m . ^ e type anS e n e r g V T / t n e f f e c t s ° 
^ e r g y deposi ted ' " 1 3 b e f o r e measured i n V r a d i a t i o n . 
t h a t corresponds f

t o " * S S ° f m a t e ^ l X rad ^ ° f t h e 

The r e l a t i v e amount of i^m* r p t i o n ° f 100 eras /n * 3 t n e d o s e 
f r o m the d i f f e r * . ; <- damage caused bv * r g s / 9 o f m a t e r i a l 

p r o d u c t o f t he \ n e V a v 5 d ° S S ' i n " n i s o l t-h t h e " ' ^ a l i t y f a c t o r . I n energy d e p o s i t i o n i n ^ t n e rem, i s t h ; 

Rad i a t i on exnnc l n s o f t t i s sue 
terms o f W O r n P U r e f r o m 2 2 2 R n H= U 
exposure t o a r ^ l 6 V e l m ° " t h (WLM) J h ^ 8 • i s ^Pressed i n 
Jhe d e f i n u V n o f d 0 a n w d L a ? f t S r c ° n c ^ to" 

2 22 ^ 
d a " 9 n t e r s - i 8 0 h s a l t h 

t o t a l cumula t ive e/pol 'u/e ° P e r S o n 
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e x t e r n a l gamma - 100 h e a l t h e f f e c t s per y e a r f o r 1 0 6 

r a d i a t i o n " C ° n t i n u o u s e * P ° s u r e to gamma 

r i - J V n d ^ ' " h e r than r e l a t i v e 
source f o r a l i f e t i m e . e x p 0 l s U r e t o the p a r t i c u l a r r a d i a t i o n 

no t me'an^that a ^ K ^ — « t . does 
years , or t h a t any o n e c a s e V » „ h ° C C u r . * n a 9 l v e n number o f 
radon daugh te r i n h a l a t i n n can be s p e c i f i c a l l y a t t r i b u t e d to 
an i n d i v i d u a l ' s r i s k i s i n c r - L ^ ' Z*" b e S t a t e d i s t h a t 

d a u g h t e r s (or o t h e r i i ^ r a d i a t i o n s % e X

h

P ° S U r e t 0 r a d o n 

X-rays) and tha t the t o t a l cancer r a t e t r > ! " d i a g n o s t i c 

be expected to increase w i t h such e ^ a u i * . 9 ^ p ° p u l a t i ™ »«y 

P r ° P o s e d Rad i a t i on Exposure G a i r i , l i n , c 

t i f i c ^ n d ^ ^ r 3 d i a t i ° n — 
workers i n i n d u s t r y ' a n d to^he? q e „ e r a l ° S , ! S i C a u s e s . e x P ° s u r e to 
been deve loped t o " p i ac e a u ^ e T A m i ' t c n ' s u c h " 1 ' * 1 ^ h a v e 

assure p u b l i c s a f e t y . The l i m i t s e s t a b l i s h J f exposures to 
the general p u b l i c are much lower than \ H d f ° r e x P ° s u r e s to 
workers i n the nuclear i n d u s t r y . ( 2 4 ) t h ° S 6 e s t a b l i s h e d f o r 

r a d i a t i o n l e v e l a t which remedial ^ t - f i n d i c a t e the 
U.e eS a p p l i c a b l X ^ l J X ™ ^ ^ ^ b ^ 

Type o f M e a s u r e ^ S M i i S ^ ^ 

Radium i n s o i l s n n o l 4 ; r 

0 02 WL aoove n a t u r a l background 
P C i / g above n a t u r a l back

ground) 

Radon daughter c o n c e n t r a t i o n '0.02 WL above n a t u r a l background 
Ex te rna l gamma exposure ra te 170 mR/yr above n a t u r a l back

ground (20 uR/hr) f o r cont inuous 
exposure, 80 UR/hr f o r occupa
t i o n a l exposure (2 ,000 h r / y r ) 

T r a n s f e r a b l e alpha 2 0 d p m / l 0 0 c m 2 

based 'on T l M ? o ? V°02 1 1 " ^ f ° r r a d i u m i n *-
daughter c o n ^ r ^ n ^ *»' -don 

a s t r u c t u r e on the contaminated 

2-12 



area. This WL 1 ' 

i s used f o r 2 2 6 ^ * ^ * 5 . P C l / g a b o v e n a t u r a l backu'ronnH 
the remedial a c t i o n c r i t e r i o n ^ i n c o n t ^ i n a t e d s o i l 

contamina t ion i s us ua 1 ? / ^ ° a ' d l ^ . T X S ^ * ex ten t ^ the* 

2 . 4 . 3 

of these l o c a t i o n s 9 X f i a n t l y a b ° V e " " u r a ! " background f t " ' ^ 
g iven i n Table 2- 2 * T h e T v ^ ° f S ° m e ° f t h e ™ as L ^ f ^ 
• n - radium c o n c . „ t r a t - 3 ^ ; 

6 SSJ u L r T r ™ t P h r a ° P e r t i e S ' - ^ " ^ a n V e 1 ^ 0 ^ ^ ^ ^ ^ 1 1 ^ 
daugh te r c o „ c e n t r a t i o n s V n ^ t h " 1 b a C k * ~ - 'radon and /ado°n 
which range up to a f a c t o r n f ' " f f l . o s P h e « around the s i t e ? 
background; ex te rna l o r o f 6 t i m e s g r e a t e r f h a ' t e s ' 
the s i t e s wh i rh 9 a m m a N a t i o n l e v e l s f n t h p - . n a t U r a l 

which ranqe un t-r, = e -^=vext, i n the v i c i n i t v n f 
background; and t r a n s f e r a b l e V ? " " ° f 3 0 t i m e s above n a t u r a l 
Sampling P l a n t , w h i c r ! s about Jo T £ a " c o n t a ^ n a t i o n a t t h e 

Thus, a t many areas o f he « K t h e s i d e l i n e valJe 
values^ exceed DOE p r o v e d g " ^ . ^ 

t i o n s i n a t h e e X R \ m c P t ^ ; f

a s

t h ^ the radon concent ra
t e f o l l o w i n g t a b u l a t i o n ™ ) 0 l n J u n e 1 9 7 8 *™ summarized i n 

Loca t ion Concen t ra t ion 
LPCl / l ) WL(50%) w L M n n j , 

Room 9 (basement) „ A ^U00%J_ 31.4 

Room 2 (basement) 2 Q ? 

Street Level 
0 .9 

0.1G 0 . 3 1 

O'11 0.21 

0-°°5 0.009 
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The value l i s t e d for WL(100%) equates the a i r concentration 
of radon to a radon daughter working l e v e l assuming complete 
equilibrium, wnile the value for WL(50%) equates the concentra
t i o n to a working l e v e l assuming 50% e q u i l i b r i u m . Although 
i n d i v i d u a l measurements fl u c t u a t e considerably, experience has 
shown that equilibrium values inside structures usually average 
less than 50%, so use of the 50%-equilibrium value provides a 
conservative estimate of the p o t e n t i a l hazard.(23) j t c a n D e 

seen that the concentration in the basement of the Rectory i s 
w e l l above the proposed g u i d e l i n e s f o r e i t h e r e q u i l i b r i u m 
assumption, while the concentration at street level inside the 
Rectory is less than the guideline of 0.02 WL above background. 
However, care should be taken in attempting to i n t e r p r e t these 
data, since in many studies concentrations have been observed to 
fluctuate considerably from day to day, or even within a day. 
Data were taken during the summer when v e n t i l a t i o n i s usually 
better; thus, the annual averages could exceed these values. 

2-14 
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FIGURE 2-2. TOPOGRAPHICAL AND SURFACE DRAINAGE MAP 
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SYSTEM 

QUATERNARY 

CRETACEOUS 

TRIASSIC 
[(NEWARK GROUP) I 

FORMATION 

ALLUVIUM 

LACUSTRINE 

0-50 

GLACIAL DEPOSITS I 0-60 
DEPOSITS ' _ „ I 

STRATIFIED n fin 

' DRIFT ° - 6 0 

RIVER DRIFT 

PENSAUKEN 
FORMATION 

MAGOTHY 
FORMATION 

RARITAN 
FORMATION 

BRUNSWICK 
FORMATION 

LOCKATONG 
FORMATION 

STOCKTON 
FORMATION 

fort. JBacon & ©arte itab jnc. 

CHARACTER 

a i L l . biANDS & MUD-
NOT IMPORTANT AS AQUIFER 

CLAYS. SILTS. AND SOME S A N D S ^ ^ T 

0 . 5 0 SANDS. GRAVELS. SILTS. AND CLAYS 
LOCALLY IMPORTANT AQUIFER 

0-70 

25-175 

150-300 

6000-8000 

3500 

2300-3100 

CLAYEY SAND & GRAVEL AQUIFFR 
LOCALLY TAPPED BY DOMESTIC W E ^ s 

G L A UCON IT'E ' N E ^ R N T H E T O p L ^ I ^ O N T A , N I N G S O M E 
AN AQUIFER T n w v f r l no IMPORTANT AS 

LOW YIELDS DOMESTIC PURPOSES 

SANDS AND CLAYS r w i c c i ^ , 

^ ^ ^ ^ ^ 
MAJOR AQUIFER fc ' 

HARD DARK ARGILLITE WITH L O C A L " 
S SANDSTONE (FLAGSTONE) 

LITTLE IMPORTANCE AS AS AQUIFER 

• GRAY FELDSPATHIC SANDSTONE (ARKOSFl 
CONGLOMERATE, AND RED SHALE 
LITTLE IMPORTANCE AS AN AQu E R 

OLDER ROCK FORMATIONS 

230-OOS 
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FIGURE 2-7. POPULATION DISTRIBUTION AROUND SITE 
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TABLE 2-1 

SOIL PROPERTIES3>b 

S o i l 

E l l i n g t o n 
(moderately 
deep 
var iant ) 

Reavi l le 

Lansdowne 
(moderately 
deep 
var iant ) 

Parsippany 

Slopes 
Dgscription (%) 

Reddish n-5 
sandy loams 
of the stream 
terraces or 
outwash plains 

S i l t loams 0-5 
derived from 
weathered 
shale 

Depth to 
Season
a l l y Depth 
High to 
Water Bed-
Table rock 
( f t ) ( f t ) 

Gray-red 
f i n e s i l t y 
loams 

S i l t y to 
sandy 
loams 
Lacustrine 
so i l s 

0-3 

0-2 

Any Urban 
Areas 

1-4 2.5-3 

Permea-
P^ainage b i l i t y 

Available 
Water 

moder
ately 
well 

moderate moderate 
to moder
ately 
rapid 

Stream Frost 
Over Act ion 

Compac f low Poten
t i o n Hazard t i a l 

f a i r none high 
to to 

high 

good Sl ight 

5-3 1.5-3.5 moder- moder
ately ately 
well slow 

moderate 
to 
low 

fai r 
to 
poor 

1-2.5 

0-1 

1-5-3.5 moder
ately 
well 

sl ow moderate fair 
to 
poor 

> 5 poorly slow high poor 

Too variable - normal interpretations are not made 

^See Figure 2-4 

Source U.S.D.A. i n t e r im So i l Survey Report 

none 

none 
to 
s l ight 

none 
to 
rare 

high 

high 

high 



NJ 
I 

t o 
CTl 

Parameter 

Radium in S o i l 
( 2 2 6Ra pCi/g s o i l ) 

Radon Daughters 
(WL) 

External Gamma 
(uR/hr) 

T r a n s f e r a b l e 
Surface 
Contamination 
(dpm/100 cm 2) 

TABLE 2-2 

SUMMARY OF MEASUREMENTS OF RADIOACTIVITY 

Sampling 
Plant 
S i t e 

0.4 - 577 

0.003 .- 0. 15 

14 - 342 

0 - 375 

Adjacent 
and Nearby 
Proper t i e s 

0.5- 2401 

3 - 235 

No data 

Rectory and 
Wi l l i a m S t r e e t 

9800 

0.002 - 0.040 — 

7 - 330 

No Long-Lived 
a-Contamination 

Remedial A c t i o n 
Guidelines and 
Naturaj_ Background 

5 + 1.7 

0.02 + 0.009 

20 + 10 

20 

Data from references 1, 24, and 25. 
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CHAPTER 3 

ENVIRONMENTAL IMPACTS OF THE PROPOSED REMEDIAL ACTIONS 

cussed in the companion E n a i n l 3 1 3 C t i o n w h i c h are d i s -
summarized in Table Chapter I ! " 9 E v a l - t i o n report a n d 

f o r m u ^ V ' t V ^ T m ' i t ' o r ' ^ e d r o e i opt ion , are 
tauunated m a t e r i a l s and t h u a l £ f r ° m ^^ ioaot ive con-
environment without undue r to L u ? 1 " ^ ? on the 
a s s o c i a t e d with each opt ion T r . n ° r s a f e t y - The impacts 
considerat ions , and the l l l n * f Presented to r e f l e c t these 
various impacts are offered ^ m i n i m i 2 i " 9 or c o n t r o l l i n g ? " 

3.1 

" • o c & . r i l t ^ impacts 
d iscussed. The proposed options ^ A t h r . ^media l a c t i ° " are 
combinations of the basic opHSl s at , . l n c ^ u d e p r a c t i c a l 
a s s o c i a t e d p r o p e r t i e s , and the t L h • P l l n g P l a n t s i t e ™* 
actions to accomplish the work o n ^ " P t 8 1 , " 9 ° f t h e " m e d i a l 
i s i d e n t i c a l to^the b a s i c opt ion ^ " p * (no remedial action) 
supplemented by tables to summarize fh* ° f t h e ° P t i o n s i s 
impacts are i d e n t i f i e d on "ese t a £ ! e , M O C l a - t e d ^ P a c t s . The 
adverse (STA), short-term b e S J I i c i a l f s T B ? V " " , s i l 6 « - t e r r a 

(LTA) long-term bene f i c ia l (LTB) « CSTB) long-term adverse 

IT1"6'irapa"of eo™"n^^"^^^ 
' " P ? " V l ^ V e S " ? . ^ ^ ^ to show the prolonged 
options i t i s necessary to prelent f h = i C t , M ' r " s e v e r a l 
during implementation of t h ' r e m e d i a l e " P a c t s " a t w i l l occur 
o n - s i t e s t o r a g e , and the u l t T n ^ . f d U r i n 9 temporary 
completion of the p a r t i c u l a r Remedial a c t i o n " r e S u l t i n 9 after^ 

« " « « V n V ^ ^ ^ ^ • ? that the e x i s t i n g 
remaining proposed options for i . . . v a r i o u s impacts of t h l 
impract ical for the a s s o L ^ remedial, ac t ion . Option A i s 
s o c i o p o l i t i c a l , and economic r e a s o n " " 3 0 f 

Because there are 
e s t a b l i s h m e n t s involved f o T t h ! ! ! c \ s i d e n c e s and commercial 
opt ions a p p l i c a b l e to the S a n B i , a s s o " a t e d p r o p e r t i e s , the 

«•» - ^medial actons ^ ^ ^ ^ t ^ 
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I t i s expedient, t h e r e f o r e , to consider eacn of the basic 
options as a b u i l d i n g block i n c o n s t r u c t i n g the proposed options 
f o r r e m e d i a l a c t i o n f o r d e a l i n g w i t h b o t h the s i t e and the 
associated p r o p e r t i e s f o r short-term and long-term a c t i o n s . The 
r a t i o n a l e f o r considering snort-term and long-term a c t i o n s i s to 
i d e n t i f y impacts o c c u r r i n g d u r i n g r e m e d i a l a c t i o n work and 
impacts r e s u l t i n g from temporary or permanent o n - s i t e storage of 
contaminated m a t e r i a l s . 

The s i x proposed options representing a range of remedial 
a c t i o n s are presented i n Table 1-1, Chapter 1. For some 
o p t i o n s , the o p e r a t i o n s are performed i n timed phases. A 
Phase I operation of a s p e c i f i c o p t i o n would allow immediate 
decontamination e f f o r t s to be undertaken w i t h o u t the necessity 
of a f i n a l commitment on a permanent d i s p o s a l s i t e . Phase I I 
of the o v e r a l l remedial a c t i o n would address the issues o f 
permanent d i s p o s i t i o n of the Sampling P l a n t s i t e and the 
contaminated m a t e r i a l s . 

I n s e l e c t i n g a range of p r a c t i c a l o p t i o n s , several f a c t o r s 
were considered w i t h the goal of making the proposed actions 
acceptable to concerned i n d i v d u a l s , to the Borough of Middlesex, 
to the Township of Piscataway, to governmental bodies i n v o l v e d , 
and to •the general p u b l i c . Options i n v o l v i n g s t a b i l i z a t i o n of 
associated p r o p e r t i e s , where at l e a s t 2 f t of compacted f i l l 
would be. placed on the p r o p e r t i e s of i n d i v i d u a l residences or 
commercial e s t a b l i s h m e n t s , were not c o n s i d e r e d to be s o c i o -
p o l i t i c a l l y p r a c t i c a l . 

Therefore, the p r i n c i p a l o p t i o n considered f o r the asso
ci a t e d p r o p e r t i e s i s "decontamination and r e s t o r a t i o n " . The 
major d e c i s i o n involves how and where the contaminated m a t e r i a l s 
are to be permanently s t o r e d . I n Options B and C, the Sampling 
Plant s i t e i s designated as a permanent r e p o s i t o r y . I n Options 
D and E the s i t e i s used f o r temporary s t o r a g e , a w a i t i n g 
s e l e c t i o n of a permanent disposal s i t e . I n Option F, d i r e c t 
removal to a remote s i t e f o r permanent s t o r a g e i s i n v o l v e d ; 
however, t h i s o p t i o n could not be implemented u n t i l a remote 
disposal s i t e became a v a i l a b l e . 

For the Sampling Plant s i t e , the options presented include 
p a r t i a l d e c o n t a m i n a t i o n , d e c o n t a m i n a t i o n and r e s t o r a t i o n 
of p a r t of the s i t e , and decontamination and r e s t o r a t i o n of the 
e n t i r e s i t e . Temporary or permanent storage on s i t e or d i r e c t 
removal of contaminants to a remote s i t e f o r permanent storage 
are f u r t h e r a c t i o n s c o n s i d e r e d . Entombment of contaminated 
m a t e r i a l s on the Sampling Plant s i t e i s considered to be more 
i m p r a c t i c a l than s t a b i l i z a t i o n . Entombment i s f e a s i b l e from an 
engineering point of view but i s considerably more expensive and 
does not provide s u b s t a n t i a l l y increased b e n e f i t s . 
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- ' 1 • \ Option A - No A c t i o n 

e n v i r ? n m ' n ? K the b a s i s to examine the 

c o n d i t i o n s o f the" Sampling P lan t ^ i t ^ ^ H ^ ^ P r e S e n t 

t i e s . i f n o a c t i o n S k „ 3 . a n V S S O C l a t e d proper-
reduced on these p rope r t i e s and r a d i ^ W U 1 n o t b e 

unchanged. A s u m m a O o f t he i J p a c t s i s V h * 0 8 " 8 3 W U l r e m a i n 

/ L u e impac t s i s shown i n Tab le 3-1 

ASSOCIATED PROPERTIES 

Adjacent P rope r t i e s 

a ) Ambient Rad ia t ion Impacts 
c o n t a m ^ a t ^ ^ h * S b — 

o f r a d i o a c t i v e m a t e r i a l . T h e r e s u l t ' t r a n s * ° ^ 
m the gamma r a d i a t i o n l e v e k n n

 b e e n a n i n c r e a s e 
r a d i a t i o n l e v e l s now r e f r om n , ^ " " ? K

p r o P e r t i e s - Ambient 
6 times n a t u r a l backom n ? 9 n a t u r a l background to about 
b o u n d a r i e s . (1) s o u t h o f t i t ' s ? ? 1 ^ ! ^ a d ^ a c e n t to the s i t e 
h igher values have been measured a l ° n 9 d r a i n a ^ d i t c h , 

" • a - ' o ' A h ^ ^ u r o r e r ^ -
of working l e v e l s i n two adnJrVn% P r e l i m i n a r y measurements 
g u i d e l i n e values a t w h T c r e r n e d L i S S l d e n c e s h a v * been below the 
The measured v a l u e s o f 1 a C t l ° n m a y b e necessary .<U 
r e s i d e n c e s averaged 0 5 p C i / 1 U ) " ^ ' ? t i 0 n S i n t h e s e 

10 t imes the n a t u r a l background values " 3 P P e a r S t 0 b e 5 t 0 

b) Ground and Surface Water Impacts 

» « a s u ? e d " n ° f s u ^ has been 
f r o m the s i t e has been c a r L / , J

S ° m e c ° n t a m i n a t i o n 
Main Stream. At t h ? - funct ion 1 ° c ? * d r a i n a ^ e d i t c h i n t o 
2 2 6 R a c o n c e n t r a t i o n was about 7 t i n " T a n d A m b r ° S e B r o o k ' 
t r a t i o n i n a sample taken 100 . n T * t h a n t h e c ° n c e n -
where the radium concen t r a t i on X d ° w n s t r e a m from the j u n c t i o n 
No d i r e c t impact o n ^ r o ^ ^ 
has been i d e n t i f i e d a t t h * nt-h~t H - waters f rom con tamina t ion 
water w e l l s . (2) ^ p o s s i M l L v ^ " l " ^ ° P e r t i e s or i n l o c a l 
unconf ined ground water bv W h l " 1 / c o n t a m i n a t i o n o f 
e ros ion of contaminated so^ls i n t ^ s u f a c e ' ! ^ ^ S ° U s ° r b * 
of heavy p r e c i p i t a t i o n No 1 ™ _ S U r f a c e w a t e r d u r i n g per iods 
been undertaken to v e r ' i f v thp 9 m o n i t o r i n 9 Program has 

v e r i f y these s h o r t - t e r m sampling r e s u l t s . 
c) Land Use Impacts 

d r a i n V e 0 d ^ ^ s t \ % e 1 r d f e n c e d ^ S O U t h °- f t h e S i t e ^ * h . 
exposure to r a d i a t i o n This ^ V r % S t r i C t a C C 6 S S a n d l i m i t 

° n * T n i s r e s t r i c t i o n w i l l con t inue u n t i l 
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the land i s decontaminated; otherwise, the h e a l t h e f f e c t r i s k 
would increase s i g n i f i c a n t l y to i n d i v i d u a l s occupying a d w e l l i n g 
b u i l t on the h i g h l y contaminated s o i l near the drainage d i t c h . 

d) Health Impacts 

The average 2 2 2 R n c o n c e n t r a t i o n measured i n two residences 
a d j a c e n t to the s i t e was 0.5 p C i / 1 , i n c l u d i n g n a t u r a l back
ground. Indoor working l e v e l measurements i n these two r e s i 
dences were 0.004 WL and 0.0032 WL, i n c l u d i n g background.( 1> 
Background working l e v e l s measured on the f i r s t f l o o r * of 
dwe l l i n g s i n the Middlesex area averaged 0 .006 WL.d) Using 
0.004 WL as a conservative value, the r i s k to the r e s i d e n t s of 

• these p r o p e r t i e s f o r c o n t r a c t i n g lung cancer i s 4 x 10~ 5/yr, 
based on the methodology presented i n Appendix B. This value i s 
less than the average lung cancer r i s k to New Jersey residents 
from a l l causes of 5 x 10~ 4 /.yr . (3 , 4) V e g e t a b l e s c o u l d be 
grown on the p r o p e r t y a d j a c e n t to the s i t e . The p o t e n t i a l 
p o p u l a t i o n dose i s estimated using the methodology and uptake 
f a c t o r s given in reference 5. For an average s o i l contamination 
of 20 pCi/g and f o r a t o t a l garden production of 200 kg/yr the 
bone dose rate i s 0.04 mrem/yr, which i s a small fractio'n of 
n a t u r a l background r a d i a t i o n . C a l c u l a t i o n s f o r e s t i m a t i n g the 
h e a l t h impacts r e s u l t i n g from r a d i o a c t i v i t y are g i v e n i n 
Appendices B and C. y n 

e) Socioeconomic Impacts 

I n terms of employment p o t e n t i a l , the adjacent p r o p e r t i e s 
south o f t h e Sampling P l a n t s i t e c o u l d be s u b j e c t t o a LTA 
impact because of the presence of r a d i o a c t i v e contamination 
Few, i f any, i n t e r e s t e d persons would consider i n d u s t r i a l or 
commerical development of the adjacent p r o p e r t i e s i f the area 
p o t e n t i a l l y would subject workers to undue r a d i a t i o n exposures. 

The adjacent p r o p e r t i e s , i n c l u d i n g occupied residences 
would s u f f e r LTA socioeconomic impacts i n terms of decreased 
land values. I t i s expected t h a t property values g e n e r a l l y w i l l 
continue to r i s e i n the Middlesex area. The adjacent p r o p e r t i e s 
would n o t be d e s i r a b l e to p r o s p e c t i v e buyers because of the 
presence of r a d i o a c t i v e contamination. Therefore, the property 
value should . remain r e l a t i v e l y s t a t i c . 

Church Rectory 

a) Ambient Radiation Impacts 

Gamma r a d i a t i o n and radon c o n c e n t r a t i o n are above n a t u r a l 
background l e v e l s i n the basement of the Rectory. This condi
t i o n has a p o t e n t i a l h ealth impact. The magnitude of the impact 
i s d i s c u s s e d i n the f o l l o w i n g h e a l t h impacts Paragraph c ) . 
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w i l l be LTA ^ p a c ? b ^ s e V t l e ^ " d i * " - ^ v . l a , t h e r e 

t h i s would r e s u l t i n c f n t f m i P r f e l e v * t e d r a d i a t i o n l e v e l s 
Rectory . c o n t i n u e a exposure to the users o f the 

b ) ^ H n j and Surface Water I m p a c t . 

to cause " U 7 . V ^ ^ Rectory has not been shown 
used l o c a l l y f o r d r i n k i n „ P r o b l e i n - Water i n the s o i l i s no? 
of the immediate area S L ° r

 h

l r r i 9 a t i ° n - * a d i o l o g i c a l survevs 
spread con t amina t i on ! (6 ) " V u s ^ V * * ' ? f a C e r u n o f f * » T t 
waters are not impacted. S ' t h e n e a r b y 9 r o u n d and sur face 

c ) Hea l th Imjaani-c 

o f f i c ^ a r ^ f * ? * m e a s u r e d radon c o n c e n t r a t i o n i n the 
- s u i t ^ * L ? Z ? ^ eg uY\ i J ~ 

6 x 1 0 - 4 / y r . ? h e c a l c S H ^ o n assutpV 8 1 ^ C a n C S r r i s k o f 
0.5 f o r the basement a r e a i f , i ^ occupancy f a c t o r o f 

t he i n d i v i d u a l l ung cancer r i s k T * l ~ h t W 6 e k i s assumed, 
basement o f f i c e s would be about ; y n-4° 5 k e " i n t n e Rec to ry 
c i r c u l a t i o n , o r o t h e r m e a s u r e i ! / y r ' V e n t i l a t i o n , a i r 
concen t ra t ions to below t h * r f r e . s . c . o u l d reduce radon daugh te r 
the r a d i o l o g i c a l i » A c ^ l e V e 1 ' would reduce 

; n « . ? . ' . P % e ; : % % „ ^ around the Rectory 
background l e v e l s a t the c h u r c h * - - t 0 K 5 t i m e s n a t u r a l 
Outside the Rectory the l e v e l s r a n " 3 3 " ^ ^ i b l e amount! 
than the average n a t u r a l gamma l a d l l r ^ ' K a ? ° U t 2 0 t i m e s ^ h e r 
r i s k to i n d i v i d u a l s exposeT f o r h a l f ° " * ? * k a r o . u n < * • The h e a l t h 
gamma r a d i a t i o n l e v e l s i n s i d e t n t p ° . t l m e t 0 increased 
2 x 1 0 - 5 / y r . i n s i d e the R e c t o r y would equa l about 

d ) Socioeconomic T m j ^ ^ 

to a / v e r s / l o i ? ^ - m - t V f ^ s

a r n 4 e t h I 

l o n e r s . s ince users o f thJ. p f ^ c l e r g y and the p a r i s h -
of the presence o c o n t M i S ^ ? ^ - b , 6 a p p r 9 h e n a i v e b e c ^ e 
d i m i n i s h e d a t t e n d a n c e and t 1 ' * P ° s s i b i l i t y o f 
A l so , f u t u r e increased e c o n o m i c v , i , " P r e s e n t s an i m p a c t , 
not be r e a l i z a b l e i f t ^ r a d i o - r ^ p r o P e r t y may 
present l o c a t i o n . r a d i o a c t i v e m a t e r i a l remains i n i t s 

432 W i l l i a m S t r ee t 
a) Ambient^Radia t ion Impac t . 

In the front vard of m u 
measurement at 1 m a b o " e ™" s u r ^ / " " " ^ 9 a m m a "<"«ion 

0 r a maximum of a ^ V ' U ^ T A J ^ 
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t ^ V ^ u ^ H I n s i d e * h e n o u s e ' gamma measurements ranged up 
to 17 UR/hr , or about t w i c e n a t u r a l background l e v e l s . ( ^ f 

, h a

 N o r a d o n o r r a d o n daughter measurements were performed i n 
the r e s i d e n c e , bu t a c o n s e r v a t i v e e s t i m a t e o f l o p C i / 1 was 
assumed f o r radon c o n c e n t r a t i o n to e s t i m a t e the p o t e n t i a l 
^ o n i , l m p a C t ' ( F ° r c o m P * r i s o n , t h e h i g h e s t average radon 

w a s T V p V i 0 / " ) 6 a S A U t r e d n r ^ - V ' - " ' l e V e l ° f . 
was 1 2 p C i / 1 . ) A t 50% e q u i l i b r i u m , t he c a l c u l a t e d radon 
daughter c o n c e n t r a t i o n could be as h igh as 0 05 WL i f * 
concen t r a t ions are t h i s h i g h , po t e n t i A ^ p o s u r 11 w^uld u^ to" 
2.5 t imes the suggested g u i d e l i n e l e v e l s . P 

b ) Ground and Surface Water Impacts 

No d i r e c t environmental impact r e l a t i v e to a water o o l l u -
c n S S i f f e n t l a l . K h " b S e n i d e n t i f i e d as a r e s u l t o f the present c o n d i t i o n s of t h i s p r o p e r t y . present 

c) Heal th Impacts 

^ Using the assumed radon daughter c o n c e n t r a t i o n o f 0 05 WL 
an occupan t o f t h e r e s i d e n c e would have a p o t e n t i a l r i s k 
o f c o n t r a c t i n g lung cancer o f 4 x l O ' V y r . The I n d i v i d a 
dose to an occupant f rom gamma r a d i a t i o n would be 88 nR/vr i 

r Z L house This i s about h a l f o f the g u i d e l i n e l e v e l 
r e s u l t i n g i n an es t imated hea l th r i s k o f 9 x 10 -6 /y r? l e v e 1 ' 

d) Socioeconomic Impacts 

l a a

 T n e o n l y d i r e c t soc ioeconomic impact a s s o c i a t e d w i t h 
l e a v i n g the p r o p e r t y i n i t s p r e s e n t c o n d i t i o n i s p r o 5 

r e d u c t i o n m value o f the p r o p e r t y . p r o o a b l e 

SAMPLING PLANT 

a) Ambient R a d i a t i o n Impacts 

Based on ORNL d a t a , d ) o u t d o o r radon c o n c e n t r a t i o n s on 
s i t e appear to be about 3 t imes the n a t u r a l background concen-
t r a t i o n i n the M i d d l e s e x v i c i n i t y . ' m most Y r e J s 
s i t e , gamma r a d i a t i o n ranges f r o m 2 t o 7 t i m e s the a v e r ™ ! 
n a t u r a l gamma background i n the v i c i n i t y . ( D I n a few l o c a t i o n s 
S . h c V r a o » S v ^ u e " 1 0 0 2 ° t 0 5 ° " — ^ averag / n ^ 

b) Ground and Surface Water Impacts 

There are abundant water supp l i e s i n the area; and w h i l e 
some con tamina t ion f rom the Sampling P lan t s i t e has b e e n c a r ed 
d r t a m ? n a a ^ ^ n W

n

a t i r

n I T * 1 * a n a l y s e s i n d i c a t e t h a t the • amount of 
c o n t a m i n a t i o n i n the water i s r e l a t i v e l y s m a l l a t Ambrose 
B r o o k . (2) However, s o i l s a m p l i n g d > -of t he d r a i l e d 
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d T a i n a g l 1 ^ % ^ ^ ^ ^ " n t - m i n . t i o n . The o n - s i t e 
con tamina t ion was t ranspor ted to the P / ^ C 1 P a l ™ 6 a n S whereby 
P r e s e n t l y , a ma jo r p o r t i o n o t P , ? " S l t 6 d ra inage d i t c h ! 
asphal t su r face which has s t a b l i z e d thP , % 1 S - C ° V e r e d w i t h a n 

i s less sub jec t to wind and l a t e r e r o s L n ° n t a m i n a t i o n s o t h a t i t 

s i 6 d 4 T ° - e - - d e ^ ^ s u r f a c e waters near 
Standards, (8) except f o r water i n t-hJ H I n t e r i m d r i n k i n g Water 
the S 1 t e . By the time h t e i n h P f ^ 6 d i t C h S O U t h of 
Main S t ream, the 2 2 6 ^ , ^ / " . ^ dra inage d i t c h reaches 
I t i s not reasonable to assume"that i f t „ i a b

1 ° U t 1 P c i / 1 . ( 2 > 
f r o m the d r a i n a g e d i t c h beca ^ n f 6 r e g u l a r l y d r i n k water 
supplies,- consequent! no D n , 1 P l e n t i f u l p o t a b l e water 
f o r t h i s pathway. y ' n ° P ° P u l a t i o n exposures are c a l c u l a t e d 

o f . o ^ l d V ^ n n . n BC^uPnsewic2k' S ^ X * ^ ^ ° f « " 
con tamina t ion o f t h i s shal low u n c o n f l , % S l t e ' A l t h o u g n 
i s not tapped near the s i t e A l l V H ^ 1 f 6 " 1 3 P ° s s i b l e , i t 
water samples taken near the" s i i l V . t - h e W e l 1 w a t e r a n d tap 
o f r a d i u m , (2) w e n W 1 > h i n ? h o

S t e conta ined less than 1 p C i / i 

D r i n k i n g Water Regulat ions T n l l * ? ^ 1 * l i m i t S o f t h e 1976 
water from the s i t e i s no? i source nf " H * 3 t h a t c ° n t a m i n a t e d 
Format ion . No long- term ro n w a i " t 0 t h e B ™ n s w i c k 
a v a i l a b l e to v e r i f y t h i s c o S L m o n i t o r i n g r e s u l t s are 

c) Eros ion Impacts 

r e m o v a ^ T ^ ^ E r o s i o n and 
can crea te a d d i t i o n a l " n t a m i n J ^ n . ! , l t e b y n e a v v r a i n f a l l 
However, the asphal t paving s i a n i f i c , ^ l o c a t i o n s , 
p o t e n t i a l . Having s i g n i f i c a n t l y reduces the e ros ion 

d ) A i r Q u a l i t y Impac t . 

*• - v e r e d w i t h 
con tamina t ion was scat tered o f ' s i V ^ n r . W 1 " d e r o s i o n ' Some 
aspha l t p a v i n g , but the f r a c t i o n f ^ " ° a P p l i c a t i o n o f the 
r a d i o a c t i v e d u s t i s n e a l i n d ° S e n o w d u e t o a i r b o r n e 
a f f e c t i n g a i r q u a l i t y i ? . 9 ^ r V . V e d in^th 'e P ° t e n t i a l - P - t s 
ambient r a d i a t i o n impacts. d a a r e s s e d l n the above paragraph on 

e) Land Use Impacts 

s e v e r e V . ^ h ? ^ ^ w i l l be r e s t r i c t e d 
d e s i r a b l e i n d u s t r i a l l o c a t i o n w i t h e d l n d u s t ^ a l and i s i n a 
and the i n t e r s t a t e system However 7 H a C C e S S

1

 t 0 r a i l s e rv i ce 
vacant land i n the v f c i n i t v m i n l l H l , , K a v a i l a b i l i t y o f o ther 
s i t e not being a v a i l a b l e o? u e r " t e d ' ^ ^ 3 " C a U S 6 d b y t h e 
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f ) Health Impacts 

The potential health e f f e c t s from radon daughter inhalation 
by previous occupants of the s i t e b u i l d i n g s were c a l c u l a t e d 
assuming 14 people were present 240 hr/mo, and an additional 220 
people were present 24 hr/mo. 

I t i s estimated that the highest t o t a l health r i s k from 
radon daughter i n h a l a t i o n would be about 4 x 10~ 4/yr, f o r 
individuals working in the Process Building for 240 hr/mo. For 
the population at r i s k at the Sampling Plant, about 0.01 health 
effects/yr would be expected. 

The highest e x t e r n a l gamma exposure to workers i n the 
Process Building, would be about 55 mR/yr, g i v i n g a t o t a l 
population exposure rate of 1.8 manrein/yr. This gives a t o t a l 
health e f f e c t r i s k of 2 x 10~ 4/yr expected for estimated use 
of the s i t e by i t s former occupants. 

g) Socioeconomic Impacts 

The presence of contamination on the s i t e has an LTA effect 
on s i t e land value. As mentioned e a r l i e r , l o c a l realtors in the 
Middlesex area and borough o f f i c i a l s indicate that the current 
market value of the Sampling Plant s i t e is between $35,000 to 
$40,000/acre. This estimate assumes that the s i t e i s free of 
radioactive contamination and has no structures on i t . Thus, 
the t o t a l value of the s i t e would be between $350,000 and 
$400,000. 

The present radiological 
an LTA e f f e c t on employment 
development of the s i t e cannot 
removed. 

condition of the s i t e also has 
since commercial or i n d u s t r i a l 
occur u n t i l the contamination is 

3.1.2 Option B - Decontamination and Restoration of Associated 
Properties; P a r t i a l Site Decontamination; Permanent On-
Site Storage ~ " 

ASSOCIATED PROPERTIES 

This section presents an examination and discussion of the 
environmental impacts during and aft e r implementation of the 
proposed remedial actions(9) for the associated properties and 
the Sampling Plant s i t e . Decontamination to 5 pCi/g of radium 
in s o i l above natural background or to the natural background 
are the l e v e l s being considered i n the proposed remedial 
actions. Reduction of radiation contamination to 5 pCi/g above 
n a t u r a l background compared w i t h r e d u c t i o n to the nat u r a l 
background radiation level represents a change i n the ultimate 
radiological impacts of only a few percent. The magnitude of a 
p a r t i c u l a r impact may d i f f e r considerably at. adjacent and 
o f f - s i t e properties (see Table 3-2A). 

3-8 



Excavat ion 

I t i s 
es t imated 1 34 ^ n r f ^ n l » t h f 1 t h e e x c a v a t i o n o f 25 ^nn ^3 

l e v a ! o f 5 p c i Q £ 2 ^ r . . u l l n a r a d i a t i o n decontaminat ion 

n ~ - - " & tons) of s o i l and debr i s f rom t-hJL y A p p r o x i m a t e l y 51 20n 
" s r r o m these p r o p e r t i e s . (2) 1 M ! 1 J 0 

Summarized i n Tabl*> -? 
^ f e t y , and l a n d use i m p a c t s * ' r a d i ° l ° 9 i c a l 

o?% t i" tnM-"A a^ -̂p-«d^^c•urPdT?l1 .̂fifL^«°^o™ 
tamination w i l l occur mostly durino V'/" l n , » a < : t s £«m decon-
of the properties. Y a u r l n 9 excavation and restoration 

The operations required f~>-

contaminated, t h » '
1 ' 0 ^ - -umed to° ^ r e a ^ 

a ) ^ i e n t Radiation r ^ ^ ^ . ^ 

as a Ambien t r a d i o a c t i v i t y i e v p l < : 

i s ~r r e S U i t ° f d i s t u r b i n g the contami n ^ V n ° r e a s e t e m p o r a r i l y 
f o r t h n S l d e r e d t 0 b e a " S T A ^ p a c r 6 ' 5 0 1 1 3 , This increase 
f o r the d u r a t i o n o f the r e m e d i f b e c a u s e i t o c c u r s o n l y 
r a d i o a c t i v i t y l e v p i . ,• „ c . r e m e d i a l a c t i o n w o r k . T H P a m u f 1 
- u r c e i n c r e L e s " " r d e " e a « • « the d i s t a n c e f r o m " the 

The w o r k e r s w i l l K« 

^ h e r ^ l V ! K r S f " - " - ' - " - ^cr%%%%" 

i o g . c a l increases and s p r e ^ T o l V n U i n ^ n ! " 9 a m W e n t 

°) E ros ion Impacts 

2 » " t ? " f " ~ V / o ^ ^ surface water 
Sampling P l a n t s i t e by an i n ^ y l n t h e a r e a south o f the 
waters f rom e ros ion dur ing i S . C " % " 8 ° l l d a ^ the s u r f a c ^ 
and r e s t o r a t i o n o f the s i t e and ! ! ^ " p r e p a r I n 9 ' excava t ion , 
could be s i g n i f i c a n t dur ing a D e r i o S S ° C l a t e d P r o p e r t i e s . This 
exposed area wou ld be unpro?Jc t ed °bv r a i » £ a 1 1 w h i l e the 
w i l l be t aken to c o n t r o l e r « = * y v e g e t a t i ° n - Measures 
e s t a b l i s h e d . These ac t ions l o u t i " i ™ ? 3 ? s t a t i o n i s 
d i k e s , f i b e r mats, and other t e l r a r d i v e r s i o n d i t c h e s , 

T Q temporary e ro s ion c o n t r o l measures. 

erosion M n t ^ s ^ i i r ^ e ^ n s V i f n ^ J 1 ! ! 9 ^ excavation operations 
area of o ^ t ^ ^ ^ ^ ^ j ^ 
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to any drainage areas . Con t ro l s f o r l i m i t i n g the e ro s ion and 
the increases i n ambient r a d i o l o g i c a l l e v e l s i n water resources 
w i l l be augmented by r a d i a t i o n m o n i t o r i n g on a c o n t i n u a l 
b a s i s to d e t e c t any spread o f c o n t a m i n a t i o n d u r i n g r e m e d i a l 
o p e r a t i o n s . y ± 

c) A i r Q u a l i t y Impacts 

The STA impacts on a i r q u a l i t y d u r i n g implementa t ion of 
O p t i o n B would be i n c u r r e d , m a i n l y i n a l l t h r e e o p e r a t i o n a l 
P h a s 5 . s . , ° f t n e w o r k ' i n c l u d i n g : c l e a r i n g and e x c a v a t i o n 
b a c k f i l l i n g , and r e s t o r a t i o n . l o n ' 

Increased exhaust fume l e v e l s and r a d i o a c t i v e dust could 
impac t a i r q u a l i t y . As men t ioned p r e v i o u s l y , d u s t may be 

excava t ion V ^ O X i q h ? * ° f W a t e r S p r a y S * E x h a u s t f " » e a f rom excava t ion and c o n s t r u c t i o n equipment may be minimized throuah proper equipment maintenance. <-nrougn 

d) E c o l o g i c a l Impacts 

Vege ta t ion removal from the associa ted p r o p e r t i e s i s an 
unavoidable STA impact . Veae ta t ion wnnlH ho ^ , . . . impact . Vege ta t ion would be cu t to ground l e v e l 
and d i sposed o f by h i g h - h e a t b u r n i n g . The s i z e o f t h e area 
exposed a t any one t ime would be minimized 

None o f t he r a r e , unde t e rmined or endangered p l a n t s or 
other b o t a n i c a l species i d e n t i f e d i n New Jersey have been shown 
to e x i s t near the Sampling P lan t s i t e ; t h e r e f o r e , no impacts 
upon such species are expected to r e s u l t . The c lea red p o r t i o n 
of the vacant land south of the s i t e w i l l be p lan ted w i t h grass 
and, i f not used f o r other purposes, n a t u r a l r e s t o r a t i o n w i l l 
o c c u r . Long- t e rm impac ts on the e c o l o g y w i l l occur i f the 
decontaminated lands are developed. 

Fauna also w i l l be impacted on an STA bas is d u r i n g Opt ion B 
remedial o p e r a t i o n s . None of the r a r e or endangered w i l d l i f e 
species have been i d e n t i f i e d or shown to e x i s t upon the s i t e 
area, but lack o f h a b i t a t to any e s t a b l i s h e d f i s h and w i l d l i f e 
species represent a p o t e n t i a l envi ronmenta l impact w i t h i n t h i s 
area o f concern. No economical ly impor t an t game animals or f i s h 
are present i n the contaminated areas . During implementa t ion o f 
t h i s remedial a c t i o n , the major foreseeable impact on the fauna 
w i l l be d i s r u p t i o n o f t h e i r h a b i t a t and l o s s o f s u s t e n a n c e . 

e) Land' Use Impacts 

During excavat ion opera t ions a t the associa ted p r o p e r t i e s 
access to the r e s i d e n c e s or commerc ia l p r o p e r t i e s may be 
i n t e r r u p t e d or r e s t r i c t e d . However, e f f o r t s w i l l be made to 
ensure a minimum of inconveniences du r ing t h i s remedial a c t i o n 
This adverse impact would be of s h o r t - t e r m d u r a t i o n . 
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« « . disposal waste will b9e disposed o?\TTocH 

£ ) gost Impacts 

C e m e n t a t i o n a n d

 ? h e S e ° P e ^ U o n S a ° ° f a s s ° c i a t e d 
these operation. completion of a l l V I , - * n e c e s s a r y f o ° 
the E n g ^ e e V C ^ t a b u l a t e d in Chapter P4 and"' ? h e C o s t f S r 
attention to t L f a . t l o n r e P ° r t . O l T h A

a n d l n APPendix c i n 

3' S o i s e ^ ^ ^ t h e r M e d " l ac t ion . 

-sMr B^r>? s1-A s-s T « - - • 
and during r e s t o r f ^ e q u i P m e n t and trucks H l

V e P r e s e n t 
conducted d u r i L l 0 n ^ r a t i o n s A I I d u r i n 9 excavation 
- i s e P r o o ' e ^ d ^ w i n b e 

of the equipment ann X h o u r s o f the da? %r

 0 t t o c a u s e a 
Minimize \ h e P s e ^ f s

n

e % ^ e i r of b a f f l e ^ ^ ^ l ! ^ 
h ) ^^aJ^h_j j ? £ acts 

o l * " ™ q ^ : ^ c ^ 34,100 tons 
Propert ies , i t i s oiV • m i n a t e d A e r i a l s from ? ? C r i t e r i o " ) 
^ the whole body to e T d K t h a t a m a * ^ > e of L a S S o c i a t e d 
Period requ ired to ! ? worker could r e s u ]

 b ° U t 2 7 m r e n > 
Paragraph B . 2 1) C ° B . p l e t e the o p e r a t i o n ! L ° V e r t h e 

H a l a t i o n C o u n c i l O . M ^ I . e x P ° s " r e i a l e S s t h f l

 A P P e n d i x B , 
a c c e p t a b l e . r

 1 e l l « e l e v e l s , and t h e r / f F e d e r ^ 
impact because thf ! l 6 S S ' t h i s i s c o n s i d - r V ° r e should be 
l i f e t i m e r a d i a t i o „ l n d l V i d u a l ' s whole body D U r H t 0 - b e a n S T A 

d - n g th i s e ^ V ^ : ; ^ - " I - i n c r e a s e ^ ^ ^ T o u n l 

Excavat ion ,=>n̂  i 
r a d i o a c t i v e m a te r i a ° f a raa*i<™«n of 47 300 „ 
Properties are estimated t« ° n l y t h e a d 3 a c e n t and ° n S ° f 

7 mrem to each worker over a / e 8 . U l t i n a m a ^ m doJe of"" K " ^ 
than studv aniH^i < , v e r 3 °-wk period TV, o s e ° f about 

an STA impact for the 
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reasons p r e v i o u s l y s t a t e d . F u r t h e r m o r e , t he e x c a v a t i o n and 
removal of an est imated 3,000 tons o f contaminated s o i l s and 
d e b r i s f rom the grounds around the Rectory w i l l r e s u l t i n an 
e s t i m a t e d dose o f about 12 mrem to each worke r over a 3-wk 
p e r i o d , which i s considered to be an acceptable va lue ; however 
t h i s i s s t i l l considered to be an STA impac t . ' 

The removal o f c o n t a m i n a t e d m a t e r i a l s , c o n s i s t i n g o f 
a p p r o x i m a t e l y 900 t o n s , t o a c h i e v e the background r a d i a t i o n 
l e v e l a t the W i l l i a m S t r e e t l o c a t i o n , can be achieved w i t h no 
worker r e c e i v i n g more than 8 mrem i n the 2-wk p e r i o d es t imated 
as necessary to complete the cleanup work . I f one t r u c k l o a d i s 
a c c i d e n t a l l y dumped, the workers cou ld also rece ive about 1 mrem 
exposure dur ing r e l o a d i n g . 

The maximum exposure to an i n d i v i d u a l l i v i n g w i t h i n 10 m of 
the t r a n s p o r t route du r ing the t r a n s p o r t o f m a t e r i a l s f rom the 
Rectory and W i l l i a m S t r ee t l o c a t i o n s i s es t imated to be less 
t han 0 .005 mrem, w h i c h i s a n e g l i g i b l e dose over the t ime 
p e r i o d . I n d i v i d u a l s , whether engaged i n the remedial a c t i o n 
work or n o t , would rece ive about 10 mrem from n a t u r a l background 
r a d i a t i o n dur ing the 6-wk p e r i o d . 

i ) Safe ty Impacts 

T r a f f i c a c c i d e n t s due to an i n c r e a s e i n the number o f 
t r u c k s u s ing l o c a l s t r e e t s and roads a re a p o t e n t i a l STA 
impac t . I t i s es t imated t h a t 2,500 14-yd3 t r u c k l o a d s O ) of con
taminated m a t e r i a l s w i l l be moved from the ad j acen t p r o p e r t i e s 
d i r e c t l y t o the s i t e w i t h o u t u s i n g p u b l i c roads t o a c h i e v e 
d e c o n t a m i n a t i o n to background l e v e l s . A p p r o x i m a t e l y 160 
t r u c k l o a d s o f c o n t a m i n a t e d s o i l would be removed f r o m the 
R e c t o r y and a p p r o x i m a t e l y 50 t r u c k l o a d s f r o m 432 W i l l i a m 
S t r e e t . S t a t i s t i c a l l y , l e s s than one t r a f f i c a c c i d e n t i s 
p r e d i c t e d dur ing the o f f - s i t e remedial a c t i o n s . 

The haulage o f c l e a n f i l l c o u l d r e q u i r e up t o 2,700 
t r u c k l o a d s of s o i l r e q u i r i n g the use o f p u b l i c roads. Using 
I n t e r s t a t e Commerce Commission acc ident s t a t i s t i c s discussed 
i n a l a t e r s e c t i o n o f t h i s r e p o r t , l e s s than one t r a f f i c 
acc iden t i s p red ic ted based upon the t o n - m i l e s i n v o l v e d i n the 
r e s t o r a t i o n e f f o r t . 

To reduce the a c c i d e n t r i s k as an impac t o f c o n c e r n , a 
s a f e t y program should be i n s t i t u t e d to assure safe c o n d i t i o n s of 
v e h i c l e s and safe a c t i o n s o f v e h i c l e o p e r a t o r s . 

j ) T r a n s p o r t a t i o n Network Impacts 

T r a f f i c c o n g e s t i o n f r o m r e q u i r e d e x c a v a t i o n o p e r a t i o n s 
i n O p t i o n B a t the a s s o c i a t e d p r o p e r t i e s wou ld be m i n i m a l . 
P l a n n i n g and c o o r d i n a t i o n o f h a u l i n g a c t i v i t i e s w i t h l o c a l 
a u t h o r i t i e s would reduce any impact even f u r t h e r . For example, 
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than p/rlod*. o T l l * ^ . V , " 1 0 " " u l d » * • P l « « at times other peak t r a f f i c flow. 

k * Socioeconomic impacts 

^ o r t ^ r T U ^ of Option B include 
a e s t h e t i c s , but no a p p l i c a b 1e e f f e ct ^ ° y m e n t ' S T A impacts on 
excavation. F P i i c a o i e e f f e c t s on land v a l u e s during 

loci's,.1: «rs.iilk:iy

fr

ts;to'is:ld":ri;.r' -°uia b° ^ 
?£L™T£r^-xi^z\°«™ r..

f 

C i t i e s ' du\ing ^ s ^ * ^ ^ ^ * . or s o c " l 

of t h \ 0 t L s \ T c i a % \ d

d

L I r e a s P

d

C

U r S i „ m

a

a y " " ^ t 0 ^ ° * ° " > < " » « . 
operations i f the materials a r e ' ^ K " " " 0 " a n d " ^ " f i l l i n g 
Plant s i t e for e i , h , r

 r e t 0 b e r e m o v e d to the Samplina 
c r e a t i o n of a storage p T l ^ s ^ V " ™ ^ " « • • • • 
e l e v a t i o n on the Samplfnq % i a n t s

3

i f » " K " a " ° V e ^ o u n d 
d i sp l eas ing , even though t h l p i l e i s s eedeS! y " " h e t i c a U y 

can b T e h r mT„ 9 Li P

2

r ed P e on ^ o ^ e r a T l g u a M i " ^ " ; • * d V " " » » * c t s 
by socioeconomic f a c t o r s » J „ ? ° £ i l f e a s " f l e e t e d 
the p u b l i c i s an important ? i n a t i o n of in format ion to 
remedial ac t ions . ? h i / l u i d h . f y " e e d e d d l i r i n 9 ° P " o n B 
the react ions of a concerned p u b l i c ? ' h S i p l n f i n i s h i n g 

B a c k f i l l 

t l o n ^ f o r " O p t l o i ' V 6 . " the ^ V ^ S T ' b . " " » » » 9 opera-
Ta.le 3-2A and are ^ ^ ^ ^ 1 ] ^ ^ ^ 

a) S o i l Impacts 

crea te^! l o c a T ^ . " . " o ^ ^ l t ^ b a < * " U C O U l d 

der ived from areas Outside the s i t ^ ? a n y S o i l s 

from overburden m a t e r i a l s excavated A * t 3 k e n P r i m a r i l y 
p r o j e c t s . New Jersey conservation i ^ ! d / ° m ° e W c o n s t r u c t i o n 
operat ions ,dO) andI therefore ° c

 d ° - n 0 t p e r m i t b o r r o w P i t 
therefore no source impacts are expected. 

b) Cost Impacts 

i m p a c t ' l r ? L r ^ i ° J a c f i o n ^ a n d V t h l ° f cost d iscussed. actions and i s the same as previously 
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c) Noise Impacts 

An STA impact from noise level increases from earthmoving 
equipment will occur during backfilling operations. The same 
measures used to mitigate the effe c t s of noise impact from 
excavation w i l l be utilized during this phase. 

d) Safety Impacts 

The impact on safety during b a c k f i l l i n g operations i s 
expected to be adverse but of short-term. The same contributing 
conditions are present for both b a c k f i l l i n g and excavation, 
except that additional transport distance is expected in 
obtaining clean f i l l from a new construction s i t e . Less than 
one t r a f f i c accident is predicted during backfill operations. 

e) Transportation Network Impacts 

Transportation networks also w i l l experience STA impacts 
during this phase as previously described for excavation 
operations. 

f) Socioeconomic Impacts 

Socioeconomic benefits in terms of employment for the area 
are the same as for excavation. Aesthetics w i l l be impacted for 
a short term as previously described under the excavation 
operation. 

Restoration 

The impacts that re su l t upon completion of res torat ion of 
the associated properties w i l l have the e f f e c t of canceling out 
the prev ious adverse impacts e i t h e r by being of long-term 
benefit (LTB), or there w i l l be no further impact. (See Table 
3-2A.) 

SAMPLING PLANT 

Impacts of p a r t i a l decontamination of the Sampling Plant 
s i t e and storage of contaminated mater ia l s under Option B are 
summarized in Table 3-2B. 

Deact ivat ion of Drainage Systems 

Removal of the outside drainage system and plugging the 
process b u i l d i n g drainage system w i l l r e s u l t in a long-term 
b e n e f i t to the environment by e l i m i n a t i n g f u r t h e r spread of 
contaminated material from the on-s i te drainage system into the 
o f f - s i t e drainage d i tch to the south. 

The workers involved in carrying out t h i s remedial action 
w i l l r e c e i v e some exposure from s l i g h t l y i n c r e a s e d ambient 
rad ia t ion l eve l s of radioact ive p a r t i c u l a t e s during excavation, 
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w " ^ r w [ H ° ^ £ t ? ; S ™ , ^ " . - y » t . - . ' This i s because 
l e v e l s . They t h e r e f o r e s h o u l d b e " C l n f ^ o f t n e increased 
c l o t h i n g and with r e s p i r a t o r s and ? P ^ W i t h P r o t e c t i v e 
for personal s a f e t y M 0 n f ? • dos imeters as required 
w i l l be needed and the s i t e J ^ l h ? " P e r i o d i c maintenance 
Option B. 6 S l t e W l 1 1 nave r e s t r i c t e d use under 

Preparation o f s t o r a g p A r Q 3 

could T h i e n C

P r

r

e

e

S

a

e s n e C e th°e f ^ e n t ^ ™ - t e d s o i l s and materia ls 
and ground water in t h " v i c i n i t v C ° n

H

t a m / n a t i ° n of s u r f a c e 
of surrounding p r o p e r t i e s T £ t r £ f ° r r e c o n t a m i n a t i o n 
excavation and b i c k f i l l o f

S ^ r e l l ^ h " ' . U p ° n c o m P l e t i o n of 
Prepared by i n s t a l l i n g a tn. .«t ' storage area would be 
would prevent c o n t J n U i t r ' i a ^ f ? ^ 1 ' - b M e l i n e r ' t h a * 
P i l e . care fu l attention would be q i v / n f n T - 9 - a W a y f r ° m t h e 

of contamination as the storage pile' i s forraedV" 9 ^ S P r e a d 

Storage Procedures 

P i l e , n h e y \ 0 ^ on the storage 
rollers, being careful not t ' S n a p e d ' a n d compacted with 
Chemical stabilizers JoulH h Picture the liner fabric 
hazard. 1 Z 6 r S W o u l d b e applied to eliminate a dixit 

the 
i n 

s t o r a ^ ^ V n d r e ^ u l t a ™ h ^ a l ^ ? ° " S i t e 

Appendix C. if no action were taken l n p a c t / a r e calculated in 
the potential health effect**. »rl V r S d U C e r a d o n emanation, 
for the present population witMn e f l m a t e d to be 4 x lO'Vyr 
given in Appendix c. T c reducrad n"1' Additional data are 
the bottom liner would be sealed £ * .em«nation from the pile, 
then several feet of clay oTsoil wouldT^f memb™™ cove? and 
actions could reduce the radon fl K b e Placed on top. These 
There would be several S T A L " , ^ a t l e a s t a factor of 10. 
storage area as shown in Table

P

 3-2B b ^ 9 ^ " t i o n of the 
Short-term adverse impacts dealiJ ' f n° l°n9-term impact, 
and air quality are t S ^ V . f t ^ ^ 

Apply Cover and R e v p ^ t . f n 

the t U h

f

 t h S m — i a l as 
Nothing would d i f f u s e throuah t h . £ ° r m 3 h e r m e t i c s e a l , 
un l ike ly case of ruoture V * " ! " ! » e m » > r a n e except i n the 
even fur ther , i t would be covered wfth % n d

1

 s t a b i l i " the p i l e 
compacted c lay or s o i l . To M o i l 1 h ! ^ 1

l ? a s t 2 f t o f c l e a " 
to prevent erosion. The impacts i / ° U l b * a d d e d a n d seeded 
completed would be large ly ! „ L ? r * * U l t o f t n i s work when 
no impacts w i l l occur I p L f T ^ a ™ ? ? b e n e f i c i a l ' Few or 
presently covered with asphaltpavement 3 1 0 0 6 t h S a r e a i s 
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Safety impacts would be of short-term duration because of 
the potent ia l for indus tr ia l - type i n j u r i e s and accidents which 
might occur during implementation of t h i s task . 

Use of the ent i re s i t e would be r e s t r i c t e d under Option B, 
but LTB impacts would re su l t from the containment of contami
nated mater ia l s . 

The remaining impacts that are a r e s u l t of remedial action 
at the Sampling Plant are summarized in Table 3-2B. 

3.1.3 Option C - Decontamination and Restorat ion of Associated 
Properties and a Portion of the S i t e ; Permanent On-Site 
Storage ~ 

ASSOCIATED PROPERTIES 

This Option r e f l e c t s the same remedial act ions and there
fore the same impacts d e s c r i b e d under Option B for these 
propert ies . (See Table 3-3A.) The remedial act ion includes 
excavation of s o i l s and mater ia l s associated with the o f f - s i t e 
drainage sytem. Also involved i s the removal of contaminated 
s o i l s from res ident ia l and commercial properties and from vacant 
l o t s . The excavated areas are to be restored to the ir o r i g i n a l 
grade with clean f i l l . The drainage system, lawns, landscaping, 
e t c . , are to be replaced. 

SAMPLING PLANT 

An analys i s of the impacts associated with decontamination 
and r e s t o r a t i o n of Area B at the Sampling P l a n t s i t e under 
Option C i s summarized in Table 3-3B. 

Raze Buildings 

There w i l l be no impacts that would apply or have a 
s i g n i f i c a n t e f f e c t on the environment in terms of minera l 
re sources and s o i l s , e r o s i o n , f l o r a , f a u n a , o v e r a l l land 
use at the s i t e , t r a n s p o r t a t i o n networks , or land va lue s 
s p e c i f i c a l l y related to the act of razing on-s i te bui ld ings . 

Short - term adverse impacts w i l l occur as a p o t e n t i a l 
i n c r e a s e in ambient r a d i a t i o n l e v e l s . To m i t i g a t e t h i s im
p a c t , c a r e f u l c o n t r o l of dust w i l l be r e q u i r e d during the 
demol i t i on o p e r a t i o n . Short - t erm adverse impacts a l so may 
r e s u l t from increased equipment noise , exposure of workers to 
s l i g h t l y elevated radiat ion l e v e l s , and possibly from i n d u s t r i a l 
accidents which might occur during razing operations. 

As discussed in the. Engineering E v a l u a t i o n , ( 9 ) the cost 
impact of razing the buildings w i l l be l e s s than the cost of 
attempting to decontaminate the b u i l d i n g s for u n r e s t r i c t e d 
use. 
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Employment in the area mav show * c Tn = « 
involved i n the construction t ides an businesses w i l l 
i n providing goods or services to these personnel ' b 6 n e f l t 

Excavation 

remedial* i S u o n ^ l l ' b , 1 ' ^ ^ ^ ^ ' I ' 1 * 1 " 9 d " r i n « t h i s 

Socioeconomic W c t . V V t t rf?.^ 

type of operation. impacts are l i s t e d for each 

t i o n . 7 n V / r . Y o ^ . 1 " ^ t " i ' . " " , d d U r i " 9 S e v e r a l o P « -

itri:uv^iE H F 
removal of the s L r m d r a t ° " " t a m i n a t e d s o i l s , during 
the b u i l d i V s at t r s ^ i i n r P ^ n t f * " ' " * < " — » " o » «? 

s u r f a « d " a t ? A % ? u V d ° ^ n c 7 A i 0 a C V V i t y l e V 6 l S i n 9round and 

— f J ' T o f a - l - r d f a - i n ' a g : 

of contamination during remedial operations V P r e a d 

- U i H ^ E l f sisr 
s ^ i & ^ l n ^ l Z i . 1 ^ a l S ° i n d i " t e d i n 1-P«ct 
B a c k f i l l i n g 

A summary of projected impacts during t h i s part of Ootion c 
operations for the Sampling Plant are outl ined in Table> 3 - ? R 
B a c k f i l l i n g decreases the magnitude or e l i m i n a t e s e n t i r e l y lome 

L t f f h

e V 1 ° U S . l r a p a C t S associated with th i s remedial act ion 
and i ^ r e m a i n i ^ i m P a " s are short term for adverse e f f e c t 
and long term for bene f i c ia l e f f e c t s . c " 
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Storage Procedures 

I f the contaminated m a t e r i a l s a r e s tored on the p lant 
s i t e permanently, the health e f f e c t rates estimated for th i s 
s i t u a t i o n are the same as those g i v e n for Option B. Radio
log ica l impacts from storing o f f - s i t e mater ia l s at the Sampling 
Plant s i t e w i l l be mainly from the emanation of radon. Unless 
spec ia l measures were taken to reduce radon emanation from the 
storage p i l e , the r i s k for lung cancer to the population within 
5 mi would be about 4 x 1 0 ~ 4 / y r . The p i l e would be covered as 
d i s c u s s e d in Option B to reduce radon f l u x . No i n c r e a s e in 
o f f - s i t e gamma exposures would r e s u l t from the p i l e . 

A summary of the impacts assoc iated with storage procedures 
i s presented in Table 3-3B. Area A, the permanent storage area , 
would have several impacts that are potentialy adverse and of 
long duration, such as potent ial impacts on ground and surface 
water q u a l i t y . 

Covering and Revegetation 

Ultimate impacts as a r e s u l t of s t a b i l i z a t i o n of the p i l e 
are general ly long-term and b e n e f i c i a l in reducing radon flux 
and ambient r a d i a t i o n . Vege ta t ion would be e s t a b l i s h e d to 
c o n t r o l eros ion of the cover m a t e r i a l . S h o r t - t e r m adverse 
impacts would occur with respect to noise , s a f e t y , and trans
p o r t a t i o n networks during implementation of t h i s a c t i o n . 
Also , a short-term benefit to employment would re su l t during 
implementation of Option C. 

Monitoring and periodic maintenance would be needed with a 
long-term impact on cos t s . The storage s i t e (Area A) would be 
fenced and would have r e s t r i c t e d access . 

Restoration of Area B 

As seen in Table 3-3B, most of the impacts associated with 
res torat ion of Area B are LTB impacts for Area B. Area B would 
be ava i lab le for unrestr icted use a f t e r re s tora t ion . 

3.1.4 Option D - Decontamination and Restoration of Associated 
Propert ies ; P a r t i a l S i t e Decontamination; Temporary Qn-
S i t e Storage 

ASSOCIATED PROPERTIES 

A summary of the impacts that are expected to occur upon 
implementation and completion of the remedial a c t i o n s i s 
presented in Table 3-4A. The impacts are the same as those 
discussed under Option B for these propert ies . However, t h i s 
opt ion a l so i n v o l v e s eventua l removal of the contaminated 
materials from temporary storage at the Sampling Plant s i t e to a 
remote disposal locat ion . T r a f f i c accident potent ia l i s a major 
concern, and could be the most s i g n i f i c a n t STA impact. 
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portion* oTf ""e remedial' t h " ™ ? b e r e l " e d to t h i s 

I n h e r e ' " Y * r " ' - " ^ " r ^ n e s ^ p i W l . ^ 

the contaminat ion u n t i l nVn s t o r a 9 e and the means to contain 
accomplished l n p h a s e i l ' d e C ° n t a m i n a t 1 0 n a ^ r e s t o r a t i o n are 

Preparation of storage Area 

from ^ o ^ t e T ^ ^ S ^ ^ t " ? ' 
smaller potent ia l for oon^ m - «. • Sampling P l a n t s i t e has a 
the v i c i n i t v VnH contaminating surface and ground waters in 
pirnanen s i r . ? , p"!:" M ^ f ^ 9

1

 S U r r ° U n d i n g P i t i e s than a 
prepared by i n s ? J l l a a I I I ^ t h e l e s s , the storage area would be 
be given to l T m f t i n o « V ™ / ' a ° d c a r e f u l attention would 
P i l e i s f l : \ 9 ? 6 s P r e a d o f contamination as the storage 
and s ^ l e d to the boTt 1 "^^ 6 C ° V e r W O u l d b e P l a c e d over the p i l e 
s o i l wotfd be P^laced °n t o T f

t 0 , h

C o n t a i n t h e r a d ° n . A 1aye? of 
reduce gamma r a d i a t i o n t P ° 5 t h ? C ° V e r t 0 P r ° t e c t i t and to 
impacts associated with pSpa^atVon^S^ l 6 V e l S - ° t h e r 

are the same as thos d ~ ° n L u L B ' a ^ 6 ^ (

h

A r M A ) 

Table 3-4B. B Q i n option B and are shown in 

Storage Procedures 

area are ^ T s a m e ^ r ^ o t t W i t h . t h * Preparation of the storage 
and are ^ r ^ . ' t ^ . t ? ^ ° P t i ° n 8 

r e s t r i c t e d u n t i l Phase I I i s compl ied ^ S l t e W ° U l d b e 

s i t e ? n c L l e ° S C l e a n U P ° f t h e S « P " n g Plant 
s torage p i l e f o r the n 1 M removal of the temporary 

a ^ T a d o n ^ " ^ 
uw.i WXXA occur, out addi t ional exposures to th*» off 
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from 80,600 tons to 113,000 tons.< 9) Table 3-4B contains a 
summary of the impacts which may occur during t h i s phase. 

Removal of Stored Materials 

In Table 3-4B a r e g iven the impacts expected to occur 
during removal of the storage p i l e . Transportat ion by r a i l of 
the 51,200 tons of contaminated mater ia l s from the associated 
properties to a remote disposal s i t e would r e s u l t in about 0.05 
accidents for a 100-mi haulage dis tance and 1.4 accidents for a 
2,750-mi dis tance . By truck , the expected number of accidents 
would be about 5 times higher. 

Razing of Buildings 

Impacts associated with th i s area of the remedial action 
are also summarized in Table 3-4B, and were previously discussed 
under Option C for the Sampling P l a n t . 

Excavation of S i t e 

Impacts of th i s operation are the same as those discussed 
in Option C for the Sampling P lant . The impacts are summarized 
in Table 3-4B. 

Transporting Contaminated Materials to Remote S i t e 

Impacts associated with the transportat ion of contaminated 
mater ia l s under Option D are indicated in Table 3-4B. I f the 
contaminated m a t e r i a l were t r a n s p o r t e d by t r u c k to a remote 
disposal locat ion , the dr iver would receive an estimated 0.006 
mrem/mi. T h i s assumes the use of a 20-ton truck c o n t a i n i n g 
contaminated m a t e r i a l s a t an average 2 2 ^ R a c o n c e n t r a t i o n of 
150 p C i / g . 

The safety impacts are of major importance although they 
are only STA impacts. The following s t a t i s t i c s are presented to 
emphasize the impact of s a f e t y in terms of t r a n s p o r t a t i o n 
accident potent ia l s . 

Potent ia l environmental r i s k s associated with transporta
t i o n of contaminated m a t e r i a l s by both r a i l r o a d and motor 
c a r r i e r have been ca lculated on the basis of shipping 113,200 
tons of contaminated m a t e r i a l s ^ ) between 100 and 2 , 750 mi, 
resu l t ing in a to ta l of 11 to 310 m i l l i o n ton-miles of shipping. 

In 1976, to ta l r a i l f re ight t r a f f i c in the United States 
was 796 b i l l i o n t o n - m i l e s ) with a corresponding 8,041 tota l 
accidents of which 6,328 were d e r a i l m e n t s d 2 ) for an incident 
frequency of 1.01 x 10~8 accidents of a l l types per ton-mile 
and 7.95 x 10~9 d e r a i l m e n t s per t o n - m i l e . Based on these 
s t a t i s t i c s , the range of p r o b a b i l i t i e s for s i m i l a r incidents i s 
0.1 to 3 a c c i d e n t s for t r a n s p o r t i n g contaminated m a t e r i a l s . 
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c a r r i e r f r e i g h t t r a f f i c T n " ? 6 C o , m i n i s s i o n ( I C C > regu la ted motor 
b i l l i o n t o n - m i l e s . (12) C The c ' o r r e s o ^ d 5 ^ " 5 f ° r 1 9 7 6 w " « 0 
were 25, 666 aooidents i n v o l v i n g I I ? J ^ S 1 - 9 , a c c i d e n t s t a t i s t i c s 
associated f a t a l i t i e s I 9 1 m a t e r i a l s shipped w i t h 2,520 
5.24 x 10-8 f a t a V i t i e e \ 3 C C l d e n t a n d f a t a l i t y f requency o f 
s h i p p e d , and 1 1 - r , ^ : i n v o l v i n g a l l m a t e r i a l s 
these s t a t i s t i c \ h « N a t a l i t i e s per t o n - m i l e . Based on 

i n c i d e n t s i " t r a n s p o r t i n ^ t h . ^ q P r ° b a b i l i t i - f o r " ^ 1 
m a t e r i a l s are 0 6 to T / V ^ 9 ^ . Sampl ing P l a n t c o n t a m i n a t e d 
s p i l l s o f c o n t a m i n a t e d ^ ^ a l T t h a t L ° 5 " ° 2 £ ^ ^ i e s . A n y 
up and t r anspor t ed to h o r i a i n , ? 1 ° " " ' W ° U l d be cleaned 
would be less than those o c c u r r ? n „ H d e s t l n a t l o n - Any impacts 
the m a t e r i a l . o c c u r r i n g du r ing the i n i t i a l l oad ing of 

R e s t o r a t i on o f S i t e 

« P . c t r a V r \ ^ \ n ^ V o V « t t ^ a l t h

s

 a n d , ™ - -Pacts are 
occur during implementati0n ™ \ b V \ " f L S £ l o

l ? * ' " a 

shown i n Table M~ , 1 6 r e s t o r a t i o n procedures arp 
Sampling P ^ ^ \ Q u ^ b e ^ U a b L ^ o r * a * ° " " ™ the e n t U e 
adverse h e a l t h impacts would be e l i m i n a t e d U " r e S t r i c t e d - e and 

StoTage - P o r t i o n of Lhe b i t e ; Temporary On-Si te ' 

ASSOCIATED PROPERTIES 

Optionee f S a r t h V ^ I a f . d d i a l p r o c e d — u t i l i z e d i n 
therefore, the impacts l l ^ t V T ^ * P P l y t 0 O p t i o n £ 
the summary o f impacts under Opt ion E ' " ^ C ° n t a i n S 

remedAiaSrrctyio°nf ^ p ^ t ^ ^ Ta£ ^ ° f ^ 
r e s u l t i n g f rom d e c o n t a S " " ^ a n i ^ r e s t o r a ' t i o ; 5 ^ a T h e i m p a C t S 

same as those o f O p t i o n c m ! , ° f A r e a B a r e the 
m a t e r i a l would be s tored t P n n n r ^ n o p t i o n , c o n t a m i n a t e d 
d i s p o s a l s i t e i s s e l e c t e d and S * l n / r e a A u n t i l a remote 
taminated m a t e r i a l ? l l ^ a f a n a n ? s ^ a g . ? ^ " " ' ^ t h S C ° n " 

Razing o f B u i l d i n g s 

because" o ^ d e S f t L n ' o p e ' r a U o n s ^ ' s ^ n l e V e l S 

adverse iy a f f e c t e d £ o ! s V o ° t t i . a 1 / ™ay be 

c o n s t r u c t i o n e g u i p ^ t " t T b T l l \ ft.? « o f t,,e 
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h e a l t h impacts, e s p e c i a l l y on the workers, may be a minor STA 
impact. Safety w i l l show an STA impact because of the increased 
p o t e n t i a l f o r i n j u r i e s and accidents while the b u i l d i n q s are 
being razed. 

A short-term b e n e f i t to employment f o r area workers engaged 
in t h i s type of a c t i v i t y would occur. 

Excavation of Area B 

This task involves the removal of the drainage system and 
excavation of contaminated s o i l s i n Area B. The impacts as a 
consequence of t h i s o peration are the same as those discussed 
f o r the razing of b u i l d i n g s . An increased p o t e n t i a l f o r surface 
water contamination would be an STA impact. These impacts have 
been discussed i n e a r l i e r sections of t h i s chapter. 

Storage Procedures 

The same impacts as described i n the preceding sections are 
expected t o occur d u r i n g s i t e p r e p a r a t i o n and s t o r a g e p i l e 
c o n s t r u c t i o n . (See Table 3-5B.) The impacts are g e n e r a l l y STA 
impacts, except f o r the short-term b e n e f i t of employment. Also, 
no f u r t h e r impacts should occur from erosion during storage p i l e 
c o n s t r u c t i o n , i f proper procedures are employed. The impacts 
a s s o c i a t e d w i t h temporary s t o r a g e on the s i t e o f o f f - s i t e 
c o n t a m i n a t e d m a t e r i a l are the same as those d i s c u s s e d under 
Option D. 

Rest o r a t i o n of Area B 

The r e s t o r a t i o n of Area B of the Sampling P lan t s i t e w i l l 
leave the area a v a i l a b l e f o r u n r e s t r i c t e d use. Table 3-5B i s a 
summary o f the net long- te rm e f f e c t o f the impacts t h a t w i l l 
occur as a r e s u l t o f the c o m p l e t i o n o f t h i s a c t i o n . These 
impac t s are g e n e r a l l y l o n g - t e r m b e n e f i t s . The STA impac t s 
l i s t e d f o r cos t s , no i s e , h e a l t h and s a f e t y may r e s u l t d u r i n g the 
implementa t ion of t h i s t a sk . 

S o i l sources would not be impacted because s o i l s to be used 
i n t h i s r e s t o r a t i o n t a sk would be b r o u g h t i n f r o m v a r i o u s 
excava t ion p r o j e c t s i n progress a t the t ime o f remedial a c t i o n . 
T r a n s p o r t a t i o n networks would be impacted d u r i n g the hau l ing of 
b a c k f i l l to Area B. The remaining opera t ions would occur on the 
s i t e and would have l i t t l e impact on normal t r a f f i c . 

SAMPLING PLANT - Phase I I , Decontaminat ion and R e s t o r a t i o n of 
Sampling Plant" — 

Long- and sho r t - t e rm impacts w i l l r e s u l t from removal of 
the s t o r e d m a t e r i a l s , e x c a v a t i o n o f Area A, t r a n s p o r t i n g 
the c o n t a m i n a t e d m a t e r i a l s to a remote d i s p o s a l s i t e , and 
r e s t o r a t i o n of Area A. (See Table 3-5B.) 
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Table 3-5B i , a c 
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contaminated m a t e r i a l s are moved d i r e c t l y to a remote l o c a t i o n 
f o r d i s p o s a l w i t h o u t t empora ry s t o r a g e . T h e r e f o r e , the STA 
impacts discussed i n Options D and E du r ing i n t e r i m s torage on 
s i t e w i l l not occur . ^ 

I n Options D and E, i n v o l v i n g temporary s torage o f con
taminated m a t e r i a l s on s i t e , increased costs are i ncu r r ed f o r 
s t o r a g e s i t e p r e p a r a t i o n and r e h a n d l i n g o f t he c o n t a m i n a t e d 
m a t e r i a l s . A l t h o u g h the c o s t o f O p t i o n F s t i l l w i l l be an 
adverse i m p a c t , the amount w i l l be s u b s t a n t i a l l y l e s s f o r 
d i r e c t t r a n s p o r t to a remote s i t e . However, Opt ion F cannot be 
accomplished u n t i l a remote d i s p o s a l s i t e has been se lec ted and 
p repa red to r e c e i v e the c o n t a m i n a t e d m a t e r i a l s , t n e r e f o r e 
r e m e d i a l a c t i o n canno t b e g i n as e a r l y as t he o t h e r o p t i o n s ! 

SAMPLING PLANT 

I n t h i s o p e r a t i o n , a l l r a d i o a c t i v e contaminated m a t e r i a l s 
and contaminated b u i l d i n g s would be removed from the Sampling 
Plant s i t e and hauled d i r e c t l y to a remote d i sposa l l o c a t i o n ! 
This accompl i shes d e c o n t a m i n a t i o n o f the s i t e and ends the 
p o t e n t i a l f o r r a d i a t i o n exposure t o r e s i d e n t s i n the s i t e 
v i c i n i t y . aii-e 

H o a i - A l i n 0 ! ! t a i 1 i r a P a c t s ' l ^ t e d i n Table 3-6B, are STA impacts . 
Heal th and s a f e t y impacts du r ing t r a n s p o r t to a remote d i sposa l 
s i t e are STA impacts . The magnitude of the acc iden t p o t e n t i a l 
has been discussed p r e v i o u s l y . The u l t i m a t e impacts under s i t e 
r e s t o r a t i o n are long- te rm b e n e f i t s . The two major long- te rm 
b e n e f i t s are the removal of a l l contaminated m a t e r i a l s f rom tne 
area w i t h subsequent r e d u c t i o n i n p o t e n t i a l h e a l t h e f f e c t s and 
the a v a i l a b i l i t y o f the e n t i r e s i t e f o r u n r e s t r i c t e d 'use 
Impac ts a s s o c i a t e d w i t n the consequences t h a t may occur a t 
se lec ted remote d i sposa l l o c a t i o n s are not w i t h i n the scope of 
t h i s r e p o r t . p 
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TABLE 3- J 

SUMMARY OF ENVIRONMENTAL .1 Ml-ACTS 
ASSOCIATED WITH OPTION A 

I 

Church 
Rectory 

432 W i l l i a m 
S t r e e t 

Adjacent 
Properties 

Physical Impacts 

1 
2. 
3. 
4. 
5. 

Mineral Resources and S o i l s 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

LTA 
* 
* 
* 

LTA 
* 

* 
LTA 
LTA 
LTA 
* 

B i o l o g i c a l Impacts 

1- F l o r a 
2. Fauna 

Socioeconomic Impacts 

1. Land Use 

(A) S o l i d Waste 
Costs 
Noise 
Health 
Safety 

T r a n s p o r t a t i o n Networks 
Employment 
Land Values 
Aesthetics 

LEGEND LTB 
STA 

Long-term b e n e f i c i a l impact 
Short term adverse impact 

LTA Long-term adverse impact STB 
* - Not a f f e c t e d or doesn't apply 

Sampling 
Plant 

LTA 
LTA 
* 
* 

* * 
* * LTA 

* 
LTA 
* 

* * * * 
* * * * 

LTA LTA 
* 

LTA 
* 

LTA 

* * * * 
* * 

LTA 
* 

LTA 
* 

LTA 
LTA 
* 

LTA 
LTA 
LTA 

S h o r t - t e r m impact 



TABLE 3-2A 

I 
M 

SUMMARY OF ENVIRONMENTAL IMPACTS RESULTING FROM 
OPTION B FOR THE ASSOCIATED PROPERTIES 

Applicable to A l ] 

Physical Impacts Excavation B a c k f i l l Restoration 

1- Mineral Resources and S o i l s 
2- Radiation 
3. Ground and Surface Waters 
4. Erosion 
5. A i r Q u a l i t y 

II. Adjacent & m . 4 3 2 William 
-^^X_££gperties street & R^nn_____ 

Transport o f Contaminated M a t e r i a l s 
to Sampling Plant f o r Permanent 
Storage 

STA 
* 

STA 
STA 

* 
* 

* 
* 

* 
LTB 
LTB 
LTB 
LTB 

* 

* 

STA 

STA 
* 
* 

STA 

Socioeconomic Impacts 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Land Use 
(A) S o l i d Waste 
Costs 
Noise 
Health 
Safety 

T r a n s p o r t a t i o n 
Employment 
Land Values 
Aesthetics 

STA * LTB 
STA * LTB 

STA STA LTB 
STA * * 
STA STA STA 
STA STA STA 
STA * LTB 
STA STA STA 
STA STA STA 
STB STB LTB 
* * LTB 

STA STA LTB 

* 
* 

LTB 
* 

LEGEND LTB 
STA 

Long-term b e n e f i c i a l impact 
Short-term adverse impact 

STA LTB 

* 
STA STA 
STA STA 
STA STA 
STA STA 
STA STA 
STB STB 
LTB LTB 
STA LTB 

LTA - Long-term adverse; impact STB 
- Not a f f e c t e d or doesn't apply Short-term adverse impact 



TABLE 3-2B 

I 
NJ 

SUMMARY OF ENVIRONMENTAL IMPACTS 
RESULTING FROM OPTION B FOR SAMPLINTPLANT SITE 

Deactivate Drainage Prepare storage 
Systems A r e a 

Storage Apply cover and 
Procedures Revegetate 

Physical Impacts 

1. 
2. 
3. 
4. 
5. 

Mineral Resources and Soilc 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

LTB 
STA 

* 

B i o l o g i c a l Impacts 

1. F l o r a 
2. Fauna 

STA 
STA 
STA 
STA 

STA 
STA 
STA 
STA 

LTB 
LTB 
LTB 
LTB 

Socioeconomic Impact-g 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Land Use 

(A) S o l i d Waste 
Costs 
Noise 
Health 
Safety 

T r a n s p o r t a t i o n Networks 
Employment 
Land Values 
Aesthetics 

LEGEND LTB 

* 
STA 

STA * 
STA 

STA 
STA STA 
STA * 
STA 

STA 
STA 

STA 
STA 

STA 
STB STB 
LTB * 
* 

STA 

LTA 
* 

STA 
STA 
STA 
STA 
STA 
STB 

STA 

LTB 
, * 

STA 
STA 
LTB 
STA 
* 

LTB 
LTB 

q i p. ^ n g - t e r m b e n e f i c i a l impact 
STA - s h o r t term adverse impact 

LTA Long-term adverse impact STB 
Not a f f e c t e d or doesn't apply Short-term impact 



TABLE 3-3A 

S U M ^ P T I S N ^ n r M E N T A L ™ P A C T S "SSULTING FROM OPTION C FOR THE ASSOCIATED PROPERTIES 

Applicable to A l l 
IT. Adjacent & m . 4 3 2 William 

Jjg££^_Properties Street ± _ ^ 2 D L 

Physical Impacts Excavation B a c k f i l l Restoration 

1 
2. 
3. 
4. 
5. 

Mineral Resources and S o i l s 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

* 
STA 
* 

STA 
STA 

* 

* 
* 
* 

Transport o f Contaminated M a t e r i a l , 
to Sampling Plant f o r Permanent 
Storage 

B i o l o g i c a l Imaocts 

1. Flora 
2- Fauna 

* 
LTB 

LTB 
LTB 
LTB 

* 
*. 

* 

STA 

STA 
* 
* 

STA 

STA 
STA 

Socioeconomic Impant-Q 

LTB 
LTB LTB 

* 

1. Land Use 

(A) S o l i d Waste 
2. Costs 
3. Noise 
4. Health 
5. Safety 
6. T r a n s p o r t a t i o n 
7. Employment 
8. Land Values • 
9. Aes t h e t i c s 

LEGEND LTB -
Long-term b e n e f i c i a l impact 

STA - Short-term adverse impact 

STA 
STA 

STA 
* 

LTB 
* 

STA LTB 
STA STA STA 

STA 
LTB 
STA 
STA 
LTB 
LTB 
LTB 

* * 
STA 
STA 

STA 
* 

STA 
STA 
LTB 
STA 
STA 
LTB 
LTB 
LTB 

STA 
STA 

STA 
STA 

STA 
STA 
STB 
* 

STA 

STA 
STA 
STB 
* 

STA 

STA 
STA 
LTB 
STA 
STA 
LTB 
LTB 
LTB 

STA 
STA 
STA 
STB 
LTB 
STA 

STA 
STA 
STA 
STB 
LTB 
LTB 

LTA - Long-term adverse impact STB 
- Not a f f e c t e d or doesn't apply Short-term adverse impact 



TABLE 3-3B 

CO 
I 
ho 
IX) 

R E - U . T i M r
U ^ R Y ° F E N V I R 0 NMENTAL IMPACTS 

RE..ULI1NG FROM OPTION C FOR THE SAMPLING PLANT SITE 

Raze 

B u i l d i n g s 
Excavate B a c k f i l l Storage 

S i t e s i t e Procedures 
Restore 
Area B 

Cover & 

Revegetate S i t e 

Physical Impacts 

1 . 
2. 
3. 
4. 
5. 

Mineral Resources and S o i l s 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

* 
STA 
STA 
* 

STA 

B i o l o g i c a l Impacts 

1. 
2. 

* * .* * 
STA * LTA LTB 
STA * LTA LTB 
STA LTB LTB 
STA * STA LTB 

* 
LTB 
LTB 
LTB 
LTB 

Socioeconomic Impacts 

1- Land Use 

(A) S o l i d Waste 
Costs 
Noise 
Health 
Safety 

T r a n s p o r t a t i o n Networks 
Employment 
I«and Values 
Aest h e t i c s 

2. 
3. 
4. 
5. 
6. 
7. 
0. 
9. 

STA 
STA 
STA 
STA 
STA 

STA 
* 

STB 
* 

STA 

LEGEND LTB 
STA 

STA 
* 

STA 
* 

LTA 
* 

LTB 

STA STA LTA 
* 

STA 
STA STA STA STA 
STA LTB LTA LTB 
STA STA STA STA 

STA STA 
STB LTB STB STB 

LTB LTA LTB 
STA LTB LTB LTB 

LTB 
* 

LTA 
STA 
LTB 
STA 
STA 
STB 
LTB 
LTB 

Long-term b e n e f i c i a l impact 
Short term adverse impact LTA - Long-term adverse impact STB 

* ~ N o t a f f e c t e d or doesn't apply 
Short-term impact 



TABLE 3-4A 

I 

o 

SUMMARY OF ENVIORNMENTAL IMPACTS RF^IIT T> 
OPTION D FOR THE jQcnJr*! RESULTING FROM 

T H E ASSOCIATED PROPERTIES 

Applicable t o A l l 

j ^ y j A g a l Impacts 

1- Mineral Resources and S o i i s 

Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

Excavation B a c k f i l l 

I I . Adjacent s, m A 2 7 „... . 

Restoration Transport o f Contaminated M a t e r i a l s 

^i23i££i_Imapcts 
1, 
2. 

F l o r a 
Fauna 

2 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

^2£i£££oncJIii£_jir£ac_ts 

1. Land Use 

(A) S o l i d Waste 
Costs 
Noise 
Health 
Safety 
T r a n s p o r t a t i o n 
Employment 
Land Values -
Ae s t h e t i c s 

STA 
STA 
STA 
STA 
STA 
STA 
STA 
STB 
* 

STA 

LEGEND L T B L o n g - ^ ^ ^ — 

STA Short-term adverse impact 

STA 
* 

STA 
STA 
* 

STA 
STA 
STB 
* 

STA 

LTB 
* 

STA 
STA 
LTB 
STA 
STA 
LTB 
LTB 
LTB 

^ - 3 d V e r S e i m P * C t STB 
Not a f f e c t e d or doesn't apply 

STA 
* LTB 

* 
STA 
STA STA 

STA STA 

STA STA 

STA STA 

STB STA 

LTB STB 

STA LTB 
LTB 

Short-term adverse impact 



SUMMARY OF ENVIRONMENTAL TMPAPTQ 

Phase I 
P a r t i a l n e C o n t a m i n , H . n 

Deactivate 
Drainage 
Systems 

Prepare 
Storage 
Area 

Storage 
Proce
dures 

Remove 
Stored 
M a t e r i a l s 

Phase I I 
-Dggontainination_anr^_p»o^^til.1. 

Raze 
Bu i l d 
ings 

Excavte 
B u i l d i n g 

Trans
p o r t t o 
Remote S i t e 

Restore 
S i t e 

Physical Impacts 

1. 
2. 
3. 
4. 
5. 

Mineral Resources and S o i l 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

B i o l o g i c a l Impacts 

Flora 
Fauna 

Socioeconomic Imparts 

1- Land Use 

(A) S o l i d Waste 
Costs 
Noise 
Health 
Sa f e t y 

T r a n s p o r t a t i o n "Networks 
Employment 
Land Values 
Aesth e t i c s 

* * * 
STA STA STA 
STA STA STA 
STA * STA 
STA STA STA 

* 
STA 
* 

STA 

STA 
STA 

STA 
STA 

2. 
3. 
4. 
5. 
6. 
7. 

a. 
9. 

STA 
STA 
STA 
STA 
STA 
STA 
* 

STB 
* 

STA 

STA 
* 

STA 
STA 
STA 
STA 
* 

STB 
* 

STA 

STA 

STA 
STA 
STA 
STA 
* 

STB 
* 

STA 

STA STA STA LTB 
STA * * 

STA 
STA 

STA 
STA 

STA 
STA 

STA 
* 

STA 
STA 

STA STA STA 

STA * STA STA 

STB 
LTB 

STB 
* 

STB 
STA 
STB 

LTB STA STA 
LTB 
* 

LEGEND LTB -
STA ^ n g " t e r m ^ n e f i c i a l impact 
S T A S h o r t term adverse impact LTA - Long-term adverse impact STB 

- Not affected or doesn't apply - Short-term impact 

LTB 
LTB 
* 

LTB 

LTB 
LTB 

LTB 
* 

STA 
STA 
LTB 
STA 
STA 
STB 
LTB 
LTB 



TABLE 3-5A 

SUMMARY OF ENVIORNMENTAL IMPACTS RESULTING FROM 
OPTION E FOR THE ASSOCIATED PROPERTIES 

Appli c a b l e t o A l l 

Physical Impacts Excavation B a c k f i l l Restoration 

1. 
2. 
3. 
4. 
5. 

Mineral Resources and S o i l s 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

STA 
* 

STA 
STA 

I I . Adjacent & m . 4 3 2 W i l l i a m 
Nearby P r o p e r t i e s S t r e e t & Rectory 

Transport o f Contaminated M a t e r i a l s 
t o Sampling Plant f o r Permanent 
Storage 

* 

* 

* 
LTB 
LTB 
LTB 
LTB 

B i o l o g i c a l Imapcts 

1. Flora 
2. Fauna 

STA 

STA 
* 
* 

STA 

STA 

STA 
LTB 

LTB 

Socioeconomic Impacts 

LTB 
* 

1. Land Use 

(A) S o l i d Waste 
2. Costs 
3. Noise 
4. Health 
5. Safety 
6. Tr a n s p o r t a t i o n 
7. Employment 
8. Land Values • 
9. Aesthe t i c s 

STA 
STA 
STA 
STA 
STA 
STA 
STA 
STB 
* 

STA 

STA 
* 

STA 
STA 
* 

STA 
STA 
STB 
* 

STA 

LEGEND 

LTB 
* 

STA 
STA 
LTB 
STA 
STA 
LTB 
LTB 
LTB 

LTB 
STA 

Long-term b e n e f i c i a l impact 
Short-term adverse impact 

STA 
* 

STA 
STA 
STA 
STA 
STA 
STB 
LTB 
STA 

LTB 
* 

STA 
STA 
STA 
STA 
STA 
STB 
LTB 
LTB 

LTA - Long-term adverse impact STB 
- Not a f f e c t e d or doesn't apply 

Short-term adverse impact 



RESULTING SToPTION f l n T " ™ ^ ™*™ 
_ _ _ _ _ ™ E SAMPLING PLANT SITE 

Decontaminatic 
Phase I 

Phase i i 
Decontamination 

_ G l _ _ s t o r a t j o n 
R a z e Excavate Stor^o^ 

J A r e a _ A _ _ g | m o t e e 
Area A 

I 

1. 
2. 
3. 
4. 
5. 

Mineral Resources and S o i l s 
Ambient Radiation 
Ground and Surfac 
Erosion 
A i r Q u a l i t y 

»ce Waters 
STA 

* 

STA 

STA 
STA 
STA 
STA 

* 
STA 
STA 
* 

STA 

LTB 
LTB 
LTB 
LTB 

* 
STA 
STA 
* 

STA 

* * * 
STA LTB * 
STA LTB LTB 
STA * 
STA LTB LTB 

2 
3 
4 
5. 
6. 
7. 
H . 
9. 

S - 2 H p e c o n o n u c _ _ i m £ a ^ 

1- Lund Use 

'A) S o l i d Waste 
Costs 
Noi se 
Health 
Sa f o t y 

T r a n s p o r t a t i o n Networks 
Employment 
Land Values 
Aesthetics 

STA 
STA 
STA 
STA 
STA 
STA 
* 

STB 
* 

STA 

STA 
* 

STA 
STA 
STA 
STA 
* 

STB 
* 

STA 

LEGEND 

STA 
* 

STA 
STA 
STA 
STA 
* 

STB 

STA 

Long-term b e n e f i c i a l < m STA - Short i - ^ , e r i c i a l impact 
_ _ _ ^ ^ t t e r m adverse impact LTA 

* 

LTB 
* STA STA * 

STA LTB 
STA 
STA 
STA 
STA 

STA 
STA 
STA 
STA 

STA 
STA 
STA 
STA 

STA 
STA 
* 

STA 

* 

STA 
STA 
LTB 

STA * 

STA 
STA 
STA 
STA STA STA 

STB STB STB 
STA STA 

LTB * STB STB LTB 
LTB STA STA 

* 
* 

LTB 
LTB 

Long-term adverse i m n a t ' " 
Not a f f e c t e d or doesn't a p p f y 8 " S h o r t - f « impact 



TABLE 3-6A 

SUMMARY OF ENVIORNMENTAL IMPACTS 
OPTION F FOR THE j c J r , ! RESULTING FROM 

T H E ASSOCIATED PROPERTIES 

OJ 
I 
OJ 

Applicable to A l l 

£ll____al Impacts 

Mineral Resources and Soils 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
Air Quality 

Excavation B a c k f i l l 

I I . Adjacent & " I . 432 William 
tory 

1. 
2. 
3. 
4. 
5. 

Restoration Transport of Contam_ _ mated Materials 

^_________na£cts 

LEGEND L,B ^ ^ ~ ~ T ~ T t 

STA Short-term adverse impact LTA - Long-term adverse impact S T B 

- Not affects n r * . 
anected or doesn't apply 

Short-term adverse i mpact 



TABLE 3-6B 

• O K i H E SAMPLING PL/ l N T S I T E 

I 
LAJ 
Ul 

BuiX-. E X CSUe i 0 a B a s k " " 
l c e S l t e s i t e 

Transport M a t e r i a l s 
remote s i t e 

t o 

I_^?jjcral_ Impacts 

1 . 
2. 
3. 
4. 
5. 

Mineral Resources and S o i l s 
Ambient Radiation 
Ground and Surface Waters 
Erosion 
A i r Q u a l i t y 

i£9_ical impacts 

1. Flora 
2- Fauna 

sj__e^°''omic Impacts 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
ft. 
9. 

Land Use 

(A) S o l i d Waste 
Costs 
Noise 
Health 
Safety 

T r a n s p o r t a t i o n Networks 
Employment 
Land Values 
Aesthetics 

STA 
STA 
STA 
STA 
STA 

STA 
* 

STB 
* 

STA 

STA 
STA 

STA 
* LTB 

* 
STA 
STA 
STA 
STA 
* 

STB 

STA 
STA 
* 

STA 
STA 
STB 

STA 
STA 
LTB 
STA 
STA 
STB 

STA 
* 

STA 
LTB 
LTB 

* 
* 

STA 
STA 
STA 
STA 
STA 
STB 
LTB 
LTB 

impact 
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CHAPTER 4 

TRADEOFFS OF THE P « 0 p 0 S E 0 REMEDIAL A C T I 0 N S 

'•nviro nm e n t a ] h ^ 

wealth ^ ^ f c L L S also e n t a i l .=> - J n terms of it- c 

Properties o ? ^ ' a n d e s t i m " e d cost ? o f laneI use 
c o n 5 i d e r a t l o n o n f C e r n - T h e ^ v a n t a g e ! a

f

n °5 / « » J d ia 1 a c t i o n s a _ 

tea.'£»ir-" 
greatest ^ a g n l t u d " ^ " " " " V c o n s i d e r s on lv t k . • 
S n e e r i n g 9

E v a ^ V i o n

C ; - r - « r t e a ,,ay o ^ a l n e ^ £ 
/ I 1 

L ! O p t i o n _ 

Under thi c » „» 
now i s . T h . " « , « " ? • " " " : 0 P t i 0 " ' 

i t 
the 

_ i _ . ^ £ t i o n B - _ . „ „ „ . _ . . were removed. 

= o ^ \ S H % t 2 _ S , T " " ' " ° " " i n c " i : 2 i : ^ ' — " o n o f 

Sampiing Plant s i t e i " " A c c e " - u l i b e " " " P ° s u " «rom 
stored permanently' 6 t t l e "ntaminants are " 0 . 0 ^ t 0 t h e 

« « « " d i a t i o n and ^ 0 ^ ° ^ £ ' n ^ ^ " « , 1 ™ 
, . ™ e advantage of t n l ".clcground i e v e l s . 

T ^ " " ^ c o s ^ ^ ^ ^ r e ^ T " " - ^ low 
of potent ia i health" f " a d " * " " 9 e i s that^tnere f s " ' " P 1 * " 

health ^ a ^ o m ^ ^ * 
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4.1.3 Opt ion C - Decontamination and R e s t o r a t i o n of A s s n r i ^ o H 

S t o g a o e 1 6 3 3 3 P O r t l ° n ° £ t h e S l t 6 ; P e r m a " e n t g g g _ f § f ^ 

i . ^ J h l S ° p t

u

i o n a l s o i nvo lves permanent s torage and s t a b i l 
i z a t i o n o f t h e r a d i o a c t i v e c o n t a m i n a n t s f r o m tne a s s o c f ^ i - ^ 

^ A u x C ? o e

n 7 t u r a ° l b a c ^ ^ ~ 

res tored areas i n the f u t u r e " r e c o n t a m ^ a t i o n o f 

4 .1 .4 

b i t g Storage Decontaminat ion , Temporary On-

P a r t i a l d e c o n t a m i n a t i o n o f t h e Sampl inq P l a n t = i f f l a * 
t o t a l decontaminat ion and r e s t o r a t i o n o f T h V L . 6 a n d 

ties are included in Option -during Phase" Radi ^ T ' ' 
contaminants from adjacent and associ^IJ Radioactive 
be removed and t e ^ r a r i l y stored "the ffi^" W ° U " 
contaminated materials f r o . Ine Sampl ing" Pla^t VoV r e ^ l V * 

Upon c o m p l e t i o n o f Phase I t-ho c 

hea l th impacts would be removed* frVm t n ^ asso^ a t e d ' p ^ ' t i ^ 1 

l u r c h e r spread o£ c o n t a m i n a t i o n f r o m the s i t e would ho 

re? a* ed " /o? ™ ^ ^ / . ^ d " n " ' " ^ S ' K 
would be permanently s to red « . remote s i ^ " ™ ^ 
a l l o w d e c o n t a m i n a t i o n t o beg in a t t ne a s s ' o c ^ L P " W ° U l d 

P L n t ^ V t * . I Z l ^ T ^ l V r ^ aVea* p V ^ ™ % 

p o t e n t i a l , no t incur red w i t h permanent s t o r a g h e V . " * ! -

4 -2 



4.1.5 Option £ - n 

Option E incluHpo * 
associated properties , n H ° n t a m i n a t i o n and restoration , 

irtv% Hr""?^ 

The advantaqes of t-h,-
potential health e f f „ :

 l s "P'ion include the . n m i .. . 
decontaminated po r t i o„ f t n e associated properties"V 1" 1 0" °£ 

a P.".nt:„d

t";?.^»» P - e e d ^ r i ^ t o ^ ^ f ^ i l i l y ^ 

^ C ^ X ™ " ^ ' ' ™ ^ area 

4 . 1 . 6 O p t i o n F n * 

S l E i r H e i ^ f ^ 3 ^ ^ o f Associa ted 

the S a m p l i n g ^ p l ^ ^ . 1 ! t o t a l ^ c o n t a m i n a t i o n and 
accomplisne 'd w r t h o u t t " ^ t h e " s o c i a t d ? o p e r t i e T 3 ' 1 ? " ° f 

r a d i o a c t i v e contaminants ' I T l ! ? ^ S t ° r a * e « ^ ^ r ^ e * 
and t r anspor t ed H i r a , , , w o u i d be removed from T n e 

a c t i o n could not ho l y t o a ^ m o t e d i s p o s a l V i •% P rope r t i e s 
remote disposal i ^ P ^ m e n t e d , however nn\ \ , f a c i l l t v • This 

^ s p o s a l loca txon was i d e n t i f T e T / n d ^ 1 0 ^ ^ ° ^ ^ 

increased t r V / c . r c i d % % % t ^ t ^ « ? a « t . r 1 . l / t ^ r r

d . . P

u

r

1 J ' ' ^ « 2 i ; 
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4.2 SUMMARY AMD DISCUSSION 

The advantages and disadvantages for the proposer" , „ . j i , , 
action options are given in Table Cost breakdowns for 

reduced radiatfo^Vxposure1^ the* p^lic'i^the vlcln'&V IF. 

thtVnite, t.„r-h.'st;".v..c£: .̂Tn1. ?.v.d
ns ro;^ 

- c o n t ^ a ^ ^ 

r?e c

r a^^ 
benefit. This benefit wi t-h r ? - l o n < 3 _ t e r m environmental 

C r e a s e d 1 - e ^ a s ™ 7 " - " ^ 

leveî t3^̂ ^0^̂ "̂̂ ^̂ ^̂ !̂ 3^ f::: ?s.r" «»"«i««o» 
cancer risk from all causes in New jfrsev T h V ? ^ " i""9 

cancer risks from contamination at the Sampli'na ll*„r f - V ^ l 1 

P r / i n g " P r a n t S t s f t V . n S - ^ S i V . J . / ^ ' S 3 F 
further health r i s k s . p r o p e r t i e s would remove 

Two criteria for decontamination have been considered- * 

f w - f n a s t r i c t ^ built ^ ^ ^ ^ ^ 

K K " t V = U t a n h - 7 m s 5 i ^ t ^ ^ ^ 

to a \eTtr tL •̂'ŝ vVcVii'.i; 
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» « 7 ; j ^ i " C " " " w i t h ^ volume o f 
acc ident f a t a l i t i e s dur ing h a u i l ^ T h e r i S k o f t r a f f i c 
b a c k f i l l by t r u c k i s c o m L r a b l e

9 wxth C ° n t a i ; i n a t e d m a t e r i a l s and 
Present c o n d i t i o n s . R a i l h l u l l a ? » f * h e 3 l t h r i s k f r ™ the 
an a c c i d e n t p o t e n t i a l f a c t o r o f s t a t i s t i c s i n d i c a t e 
haulage. r a c t o r o f 6 l e s s t h a n t h a t f o r t r u c k 

i s ^ i c ^ t ^ ^ ^ ^ ^ f 1 3 p u b i i c — t i o - * i c h 
remedial a c t i o n o p t i o n s e l e ^ L ° f / a ] o r i m p o r t a n c e . The 
Publ ic r e a c t i o n . A c c o m p l J l S i l ^ b e d e P e " d e n t p r i m a r i l y on 
should a l l a y concerns o / a r e a T e s i d f n i - ^ r e » e d i a l 3 C t i o n P^graS 
o p t i o n s e l e c t e d , a l l ow development o f d e P e n d i n g upon 9 the 
Sampling P lan t s i t e . e v e -^opment o f a p o r t i o n or a l l of the 

n \ V ^ has an associated 
a r e s u l t of the remedial^ ac t ions t h i t ' , ? 0 ^ b e V o i d e d as 

t he , S \ n - t h ^ a r e a f r ™ « t i v u i e s tha°t- r e d U C S r a d i a t i o n 

t he Sampling P l a n t s i t e Th«V • W e r e conduc ted a t 
t « e h e a l t h b e n e f i t s desc ' r ibed i n a V ° l d e d h e a l t * e f f e c t s a re 
Table 4-3 . The cos t f o r each o p t i o n P ? r a g r a p h . 4 • 2 and shown i n 
c o s t - b e n e f i t r a t i o s a e c a i c u l , H f ' 0 W n i n T a b l e 4 " 2 - The 
l i s t e d i n Table 4-4 I Z i f 3 t e d f r o m these da ta and a r* 
been i d e n t i f i e d * , V h e c ^ 0 ^ a J ^ - the* / a s t has* 
are f o r t r a n s p o r t o f the « ! , l t h Options D through F 
Test S i t e . This r e s u l t s i ' ^ m a t e r i a l s to the Nevadf 
low c o s t - b e n e f i t r a t i o s r e d t i 0 M b e n e f l t r a t i o s whereas 
r a t i o f o r any o ther d s p o s l l s i t e m K ' T h e c ° s t - b e n e f i t 
de te rmin ing the cost o f thL - 1 m a y b e c a l c u l a t e d by f i r s t 
as descr ibed i n T h e E ^ n e e ^ ' n g ^ E v a ' l ' u a ^ 1 ^ ,? f ' " " " P o r t a ^ 
t r a n s p o r t a t i o n cost 3 n 3 A e r i n g . E v a l u a t i o n , d ) adding the new 
h e a l t h b e n e f i t s ^ o V n l n % a ^ 4

d - T d l n g t h a t coat by the 
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TABLE 4-1 

ADVANTAGES AND DISADVANTAGES OF OPTIONS A THROUGH F 

Option 

A 

Advantages 

1) 
2) 
3) 

4) 

5) 

1) 

2) 

3) 

Lowest cost 
Accomplished q u i c k l y 
B u i l d i n g s i n Area B 
could be used by 
government f o r 
storag e 
Associated p r o p e r t i e s 
aecontaminated 
No long-haul distance 
involved 

Area B a v a i l a b l e f o r 
u n r e s t r i c t e d use 
No long-haul distance 
involved 
Associated p r o p e r t i e s 
decontaminated 

accomplished 1) Phase i 
q u i c k l y 

2) Allows time f o r 
s e l e c t i n g remote 
disposal s i t e 

3) B u i l d i n g s i n Area B 
could be used tempo
r a r i l y by government 
f o r storage 

4) Associated p r o p e r t i e s 
'decontaminated 
immediately; s i t e 
decontaminated i n 
Phase I I 

Disadvantages 

1) R a d i o a c t i v i t y l e v e l s 
remain unchanged; 
exposure p o t e n t i a l 
remains unchanged 

1) 

2) 

3) 

4) 

1) 

2) 

3) 

1) 

2) 

3) 

4) 

5) 

Contamination remains 
permanently on s i t e 
E n t i r e s i t e permanently-
r e s t r i c t e d 
B u i l d i n g s not usable 
f o r personnel unless 
decontaminated and 
v e n t i l a t e d 
I n d e f i n i t e r a d i o l o g i c a l 
m o n i t o r i n g and s u r v e i l 
lance required 

Contamination remains 
permanently on s i t e 
Area A permanently 
r e s t r i c t e d 
I n d e f i n i t e r a d i o l o g i c a l 
m o nitoring and s u r v e i l 
lance required 

Contamination remains 
t e m p o r a r i l y on s i t e 
Area A r e s t r i c t e d u n t i l 
Phase I I completed 
Double handling of 
o f f - s i t e m a t e r i a l s 
Possible long-haul 
distance 
B u i l d i n g s not usable 
f o r personnel unless 
decontaminated and 
v e n t i l a t e d 
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TABLE 4-1 (Cont) 

O£tion 

E 1) 

2) 

3) 

Advantages 

^nase i a c t i o n f o r 

u n r e s t r i c t e d use 
Allows time f o r 
s e l e c t i n g remote 
disposal s i t e 
Associated p r o p e r t i e s 
decontaminated 
immediately; Area A 
decontaminated i n 

Phase i i 

1) 

2) 

3) 

4) 

Disadvantages 

Contamination remains 
t e m p o r a r i l y on s i t e 
Area A r e s t r i c t e d u n t i l 

Doub? ' I 1 3 d i e t e d Double handling of a l l 

dis Stance e 

1 ] A l l p rope r t i e s 
decontaminated 
res tored 

and 
1) 

2) 

Cannot be i n i t i a t e d 
u n t i l remote disposal 
s i t e i s a v a i l a b l e 
Possible long-haul 
distance 
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I 
OD 

TABLE 4-2. 

COST ESTIMATES (IN THOUSANDS OF 1979 DOLLARS) 

• ' P H « E ° H A ' S N O T A R E M £ D , A L A C T , O N 

| l b l TRANSPORTATION COSTS Tf» l u c a , c , 

62.450 1 

184.4001 I 

76.850- 1 54,300 76.850 
013.2001- II IS0.600I 1113.2001 

230-005 1 



I 

SUMMARY OF HEALTH BENEFI 

TABLE 4-3 

TS TO PUBLIC FOR OPTIONS A THROUGH F 

^ ^ ^ " e ^ ^ A v o 

ided^yer^SO-YrPeriod 
OPTIONS 

B 

AP a Spb ^ 

From direct 
radon inhala
tion 

0 0 . 7 C 

t~_ SP 

0.4 0.7 

AP sp 

0-4 0.7 

D 

AP SP 

0-4 0.7 

Fran radon o 
transport 

i From direct o o 
gamma 
exposure 

n e g G ( 0 - 0 2 ) d "eg ( 0 . 0 2 j d n e y 

2x10-2 9 xio-3 2x10-2 

0.02 

AP SP 

0.4 0.7 

neg 0.02 

AP SP 

0.4 0.7 

n e 9 0.02 

9x10-3 2 x l 0 - 2 9 x l 0 - 3 2 x W _ 2 9 x l o _ 3 

9x10-3 

From 
ingestion 
pathway 

Total 

0 0 2x10-5 o 2 x l 0 - 5 0 

2x10-5 o 2 x l 0 - 5 0 

2x10-5 o 

0 0.7C o.42 0. 69 0.42 0.69 0.42 

bJ£ I ^ f i a t e d Properties 
c

b P - Sampling Plant 

4 1 ? ^ ? : * ° ™ } "if. not 
^Storage of contamination m a t e r ^ Y f r ™ * 1 ° ' ? ° n t a m ' n a t i o n 
• * 9 - . - j l i a l b l . ' ™ a s s o r t e d p a r t i e s „„ s i t e ( n e 3 a t i v e 

tj 



TABLE 4-4 

COST-BENEFIT RATIOS 

Option 

B 

C 

D 

E 

F 

Option Cost 
($000) 

1,014 

1,500 

13,991 

14,093 

13,481 

Health 
B e n e f i t 3 

1.11 

1.11 

1.15 

1.15 

1.15 

'Health e f f e c t s avoided f o r d e c o n t a . i n a t i 

Cost-Benefit Ratio 
(5/Health Benefit-) 

914,000 

13,514,000 

12,166,000 

12,255,000 

11,723,000 

ion to C r i t e r i a A 
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APPENDIX A 

GLOSSARY 



GLOSSARY 

absorbed dose 

a e s t h e t i cs 

alpha p a r t i c l e (a) 

ambient r a d i a t i o n l e v e l 

aqui f e r 

background rad l a t i o n 

beta p a r t i c l e (g) 

P_lfjJli_y_ons 

u n i t " : ™ . e n " " Per 

X ^ V t ^ u * ^ 
an a t t i t u d e t h a t senses; 
i n d i v i d u a l l y s u b T e c t i v e / 3 ^ 1 ^ 

m a t e r i a l s t a i n r a d i o a c t i v e 
P - t o n s ' a n d & I Z V Z ° „ 
i s i d e n t i c a l w i t n t a ; h e n c e 

f h e h e l i u m a t o n l ? C l e U S ° f 

l e a s t p e n e t r a t i n g o f \ L 1 s t h e 

r a d i a t i o n s (a fi v) 1 5 C O m a o n 

dangerous unless' L ' ^ 1 3 n o t 

» n t a , l n " ? f i a t l o n £™« 
E d i t i o n to n a t u r , , K r i a l i n 

r a d i a t i o n . n a t " r a l background 

A w a t e r — h o a ^ i 
below the s u r f a c a ^ o f £ t ° h

r , n a t i 0 n 

the source o f „ e l l s

 e a r t h ' 
a q u i f e r i s o v e r l a i n A

h

c o n f i n e d 

t l v e i y impermeable r o c y

k " " l -

" n c o n f i n e d a q u i f e r i , " 
a s s o c i a t e d w ? t n Vh e t a U r 

^ 1 n \ r ^ - « 9 a l l l o w - l e „ e l 
exposed H=oll 1 1 l l f e i s 

Jewels i l r y % X . ^ 0 1 " ° " 
on the e a r t h . F t o Place 

A P a r t i c l e e m i t t e d f > « m 

b e t a y p a r t i A c l e

n 7 s d t i d V e n L a ? a t o 9 e d 
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endangered species 

dose equivalent 

e x t e r n a l gamma r a d i a t i o n 

exposure 

e x h a l a t i o n 

fauna 

f i x e d alpha 

b e t a p a r t i c l e i s c a l l e d a 
p o s i t r o n . Beta r a d i a t i o n can 
c a u s e s k i n b u r n s and b e t a 
e m i t t e r s a re h a r m f u l i f they 
enter the body. 

A s p e c i e s whose s u r v i v a l i s 
i n j e o p a r d y . i t s p e r i l may 
r e s u l t f r o m d e s t r u c t i o n o f 
h a b i t a t , change i n h a b i t a t 
o v e r - e x p l o i t a t i o n by man,' 
p r e d a t i o n , adverse i n t e r s p e c i f i c 
c o m p e t i t i o n , d isease , or because 
an a r e a i s a t t h e edge o f 
i t s g e o g r a p h i c a l r a n g e . An 
endangered species must rece ive 
p r o t e c t i o n , o r e x t i n c t i o n 
probably w i l l f o l l o w . 

A t e r m used t o e x p r e s s t h e 
e f f e c t i v e r a d i a t i o n dose when 
m o d i f y i n g f a c t o r s nave been 
c o n s i d e r e d ( t h e n u m e r i c a l 
p r o d u c t o f absorbed dose and 
q u a l i t y f a c t o r ) . 

Gamma r a d i a t i o n emi t ted from a 
source(s) e x t e r n a l to the body, 
as opposed to i n t e r n a l gamma 
r a d i a t i o n emi t t ed from ingested 
or inha led sources . 

Magnitude of r a d i a t i o n to which 
a p e r s o n i s s u b j e c t e d . i t 
i s d e f i n e d as t h e measured 
e l e c t r i c a l charge produced 
u n i t mass of a i r . per 

Emission of radon from e a r t h 
( u s u a l l y t h o u g h t o f as coming 
from a uranium t a i l i n g s p i l e 
but a c t u a l l y from any l o c a t i o n ) ' 

Animal l i f e 
b i r d s , f i s h , 

i n c l u d ing 
r e p t i l e s . 

mammals 

P a r t i c u l a t e a l p h a - e m i t t i n g 
i s o t o p e s w h i c h have become 
imbedded i n o therwise nonradio
a c t i v e s u r f a c e s and w h i c h 
canno t be removed by s t a n d a r d 
d e c o n t a m i n a t i o n t e c h n i q u e s . 
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f l o r a 

gamma background 

gamma ray (y) 

ground water 

h a l f - i i f e 

i ia p a c t 

I n t e r i m D r i n k i n g 
Water Standards 

i so tope 

manrem 

P l a n t l i f e , b o t h 
aquat ic spec ies . l a n d and 

N a t u r a l gamma r a y a c t i v i r-
everywhere o r e ^ m - " V l t y 

the U.S. due to n a t u r a l e x t e r n , ] 
? a » . n a r a d i a t i o n f r o m D o t h 

sources ranges from about 60 to 
about 125 mrem/yr. t 0 

H i g h e n e r g y e l e c t r o m a g n e t i c 
r a d i a t i o n e m i t t e d f r o m t n e 
nucleus o f a r a d i o a c t i v e atom 
w i t h s p e c i f i c energies f o r 

atoms of d i f f e r e n t 9 e l e m e n t s and 
having h igh p e n e t r a t i n g p O W e ? . 

Subsurface water i n the zone of 

s

 S " U r a t i 0 « ^ i c h S U p p I i ^ 
wexis and sp r i n g s . 

The time required f o r one-h*if 
of the r a d i o a c t i v e atoms present 
at any given time to decay 
emission of r a d i a t i o n . 

The e f f e c t b rought about DV a 
proposed a c t i o n t o a l t e r an 

P a r t 141, dated Dec 24, 1975 
became e f f e c t i v e June 24, 1977! 

One of two or more species o f 
atoms w i t h .same atomic numbers 

wUh ^ f f e f e n t 1 ^ 1 ^ ^ ^ ^ 

n e a r l y t h e same c h e m i c a l 

A u n i t used 
compare the 
amounts o f 

m hea l th physics to 
e f f e c t s o f d i f f e r e n t 
r a d i a t i o n on groups 
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UR/hr 

mR/hr 

maximum pe rmiss ib l e 
c o n c e n t r a t i o n 

PCi/1 

pCi /y 

pCi /m 2 - s 

q u a l i t y f a c t o r 

r ad 

r a d i o a c t i v i t y 

r a d i o a c t i v e decay chain 

o f p e o p l e . I t i s o b t a i n e d by 
m u l t i p l y i n g the average dose 
e q u i v a l e n t to a g iven organ or 
t i s sue (measured i n rems, which 
see) by the number of persons i n 
t h a t p o p u l a t i o n . 

Microroentgen per hour ( l O ' ^ R / h r ) 

M i l l i r o e n t g e n per hour (10" 3 R/hr ) 

The h i g h e s t c o n c e n t r a t i o n i n 
a i r or water o f a p a r t i c u l a r 
r a d i o n u c l i d e p e r m i s s i b l e f o r 
occupa t iona l or genera l exposure 
w i t h o u t t ak ing steps to reduce 
exposur e. 

P i c o c u r i e per l i t e r ( 1 0 - i 2 C i / l ) . 

P i c o c u r i e per gram ( 1 0 - 1 2 C i / g ) . 

P i c o c u r i e per meter squa red -
second ( 1 0 - 1 2 C i / m 2 - s e c ) 

An a s s i g n e d f a c t o r w h i c h 
denotes the m o d i f i c a t i o n of the 
e f f e c t i v e n e s s o f a g i v e n 
a b s o r b e d dose by t h e l i n e a r 
energy t r a n s f e r . 

The bas ic u n i t of absorbed dose 
of i o n i z i n g r a d i a t i o n . A dose 
of 1 rad means the a b s o r p t i o n o f 
100 ergs of r a d i a t i o n energy per 
gram o f a b s o r b i n g m a t e r i a l . 

T h e s p o n t a n e o u s d e c a y o r 
d i s i n t e g r a t i o n o f an u n s t a b l e 
a t o m i c n u c l e u s , u s u a l l y a c 
companied by the e m i s s i o n o f 
i o n i z i n g r a d i a t i o n . 

A succession of nuc l ides each o f 
which t rans forms by r a d i o a c t i v e 
d i s i n t e g r a t i o n i n t o the next 
u n t i l a s t ab l e n u c l i d e r e s u l t s . 
The f i r s t member i s c a l l e d the 
pa ren t , the i n t e rmed ia t e members 
are c a l l e d d a u g h t e r s , and the 
f i n a l s t a b l e member i s c a l l e d 
the end p roduc t . 
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r ad i um 

radon 

radon background 

radon c o n c e n t r a t i o n 

radon daughter 

radon daughter c o n c e n t r a t i 

radon f l u x 

rare species 

A r a d i o a c t i v e e l e m e n t , chem-
i c l l y s i m i l a r to barium', f o ^ e d 

u r ^ i j ^ h ^ P ^ J - t of 
„ ' • * h e m o c t-
common i s o t o p e o f r a d i u m 

1 fi5n ' S a n a l f - l i f e o f 
1,620 yr Radium i s present i n 
a l l uranium-bear ing ores . Trace 
q u a n t i t i e s o f both uranium and 
radium are found i n a l l a r e a T 
c o n t r i b u t i n g t o t h e ^ m 

background. gamma 

222 
Rn, a r a d i o a c t i v e , chemically 

i n e r t gas, having a h a l f - l i f e ^ 
3.8 days; formed as a daughter 
product of 2 2 6Ra. y c e r 

Low l e v e l s of radon gas found 
an area, due to the presence 
radium i n the s o i l . 

i n 
o f 

The amount o f radon per u n i t 
volume. m t h i s assessment, tne 
a v e r a g e v a l u e f o r a 2 4 - h r 
P e r i o d o f a t m o s p h e r i c r a d o n 
c o n c e n t r a t i o n s , d e t e r m i n e d by 

P e r i e o d l n 9 f d a t a f ° r e a c h 3 0 " * i n P e r i o d o f a 2 4 - h r d a y and 
averaging these va lues . ana 

One o f several short-lived 
r J T n a T 1 V Q d a u < 3 n t e r products of 
radon (several of the daughters 
emit alpha particles) . ? n z e r s 

on The c o n c e n t r a t i o n i n a i r o f 
s h o r t - l i v e d radon d a u g h t e r s 

m e a ^ r l d V T ^ i n p C i / 1 ' " 

""rSi.,1? e r m s o f t h e w o r k i n^ 
f r o m ^ a n t i t / ° f r a d - o n e m i t t e d f r o m a s u r f a c e i n a u n i t t i 

per unit area (typical units are 
in pCi/cm2-S)m 

A rare species i s not c u r r e n t l y 
threatened w i t h e x t i n c t i o n , but 

a t ° " u r s l n

K

 s u c h smal l numbers 
t h a t i t may become endangered i f 
i t s e n v i r o n m e n t d e t e r i o r a t e s 
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recharge 

roentgen (R) 

rem 

socioeconomic 

t r a n s f e r a b l e alpha 

undetermined species 

f u r t h e r o r o t h e r l i m i t i n g 
f a c t o r s are a l t e r e d . Continued 
o b s e r v a t i o n o f i t s s t a t u s i s 
e s s e n t i a l . 

The p rocess by w h i c h water i s 
absorbed and added to the zone 
o f s a t u r a t i o n o f an a q u i f e r , 
e i t h e r d i r e c t l y i n t o t h e 
f o r m a t i o n or i n d i r e c t l y by way 
o f another f o r m a t i o n . 

A u n i t of exposure to i o n i z i n g 
r a d i a t i o n . I t i s t h a t amount o f 
gamma o r X - r a y s r e q u i r e d 
t o p r o d u c e i o n s c a r r y i n g 1 
e l e c t r o s t a t i c u n i t of e l e c t r i c a l 
c h a r g e , e i t h e r p o s i t i v e or 
n e g a t i v e , i n 1 cubic cen t imeter 
o f d r y a i r u n d e r s t a n d a r d 
c o n d i t i o n s ( n u m e r i c a l l y equal to 
2 . 5 8 x 1 0 " 4 c o u 1 o m b s / k g ) . 

The u n i t of dose e q u i v a l e n t of 
any i o n i z i n g r a d i a t i o n wh ich 
p roduces the same b i o l o g i c a l 
e f f e c t as a u n i t o f absorbed 
d o s e o f o r d i n a r y X - r a y s , 
n u m e r i c a l l y equal to one rad o f 
a b s o r b e d d o s e m u l t i p l i e d 
by t h e a p p r o p r i a t e q u a l i t y 
f a c t o r f o r the type o f r a d i a 
t i o n . The rem i s t h e b a s i c 
r eco rded u n i t o f accumula ted 
dose to pe r sonne l . 

P e r t a i n i n g t o and a f f e c t i n g 
s o c i e t y and the economy i n a 
genera l way or to s m a l l e r . p a r t s 
as w i t h i n one area. 

P a r t i c u l a t e a l p h a - e m i t t i n g 
i s o t o p e s , f o u n d on s u r f a c e s 
u s u a l l y i n the form o f d u s t , 
wn ich can be removed f r o m the 
s u r f a c e by d r y or wet w i p i n g 
u s i n g t h e smear t e c h n i q u e . 

A s p e c i e s whose s t a t u s i s 
undetermined may be e i t h e r rare 
or endangered , bu t c u r r e n t l y 
a v a i l a b l e i n f o r m a t i o n i s 
i n a d e q u a t e t o d e t e r m i n e i t s 
s t a t u s a c c u r a t e l y . M o r e 
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working l e v e l (WL) 

working l e v e l month (WLM) 

information is needed to 
determine if the species now 
exists in dangerously low 
numbers. : 

A u n i t o f r a d o n d a u g h t e r 
exposure equal to any combina
t i o n o f s h o r t - l i v e d r a d o n 
daughters i n 1 l i t e r o f a i r t h a t 
w i l l r e s u l t i n t h e u l t i m a t e 
e m i s s i o n o f 1.3 x 10$ MeV o f 
p o t e n t i a l a lpha e n e r g y . T h i s 
l e v e l i s e q u i v a l e n t t o t h e 
energy produced i n the decay o f 
the daughter products RaA, RaB 
RaC, and RaC • t h a t are present 
under e q u i l i b r i u m c o n d i t i o n s i n 
or* V 2 2 2 a i r c o n t a i n i n g 100 
i n c l u d e decay o r RaD ( 2 2 - y r 
h a l f - l i f e ) and s u b s e o u e n t 
daughter p roduc t s . 

One WLM i s equal to the exposure 
r e c e i v e d f r o m 170 W L - h o u r s . 

A-7 
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APPENDIX B 

POTENTIAL HEALTH IMPACTS 

-M«£SSllh "̂««"t̂ pl̂ v̂ n

n/-/•••> £or tlle 

Inhalation ^ ' " 
in g e s t i o n of " o n L l ° n d a u g h t e r s , external 

H l = CUf tK r

 ; : 

wnere ( B _ ^ 

R l = annual individual risk f , • 
radiation ( y r ' l , 1 S k f ° r cancer from the 

c = radon dauqhter n«„ 
gnter concentration (WL) 

u = conversion of WL to ̂  f 

f t = occupancy factor °«"P-ncy ( 5 0 ) 

y ractor (dimensionless) 
Kr = risk estimator n a v 1 n _ 4 

Per WLM/yr) ( 1' 8 X 1 0 4 health effects p e r y r 

gamma exposu^0" f o r the annual cancer risk f 
1 S K f r o m external 

Rc = D f t K g 

where ( B _ 2 ) 

Rc = annual individual r i s k f 
( y r _ 1 ^ S k f ° r C a n c e r ^om radiation 

° = g a' n m a d o s e " t e (rem/yr) 
Kg = ris k estimator n x l n - 4 , 

Per rem/yr) 1 0 health effects p e r y r 

The expression for 
ontaminated materia \ L annual cancer risk o 

t e r i a l i s similar to e q (B-I a n d ^ l n ^ o n of 
«i = c r f r u i K i 

(B-3) 
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where 

R i = ^ t l ^ ^ r £ " < ™ « £ " m ingested 

= r - concen t r a t i on o f contaminant ^ ^ 

£ r - P lan t t r a n s f e r f u n c t i o n w i / , 
s o i l ) n o t i o n (pCi /g v e g e t a t i o n per p c i / g 

"1 " " a g e f a c t o r < 3 v e g e t a t i o n i n g e s t e d / y r , 

K i - r i s k es t imator (hea l t h e £ f e c t s / y r per n e w • 

The parameters f o ' ^ l n " " " > »> 

. - t o t a l cancer L : ; " 0 b t 3 i n e d £ r ° m r S £ — -

£ * ^ # S V " " " ^ ^ " ^ X ^ e ^ ^ r p e - s ' o l 

The h e a l t h e f f p r > , , ' " 
radon daughter i n h ^ i ^ f worke r s i n s i d e the h n i i ^ 

- f o l l o w i n g V r a m e t e r s , M l c u l " « < ' ^ o m ^ o ' ^ ^ w U h the 

A d m i n i s t r a t i o n B u i l d i n g 

C = 0 . 0 1 2 WL above background 

f t = 0.33 (240 hr/mo) 

P = 7 

Process B u i l d i n g 

C = 0.15 WL above background 

f t l = 0.033 (24 hr/mo) 

p l = 220 

f t 2 = 0.33 

P 2 = 7 

I n d i v i d u a l ri«?i< t- ~ *. u 
f o l l o w s : t 0 t h . f u l l - t i m e u s « c p e r s o n n e l i s as 

U ) A d m i n i s t r a t i o n B u i l d i n g ,7 personnel , 

R = K r = ( 0 " 0 1 2 > ( = 0, (0 .33, ( 1 . 8 x 1 0 . 4 ) 

= 3.6 x l 0 - 5 / y r 
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< 2 ) P r O C " S B u i l d " 9 (7 personnel , 

* " < " • » ) (50, ( 0 . 3 3 , U . 8 x l f l - 4 ) 

- 4 .5 x 1 0 - 4 / y r 

I n d i v i d u a l r i s k c _ 
f o l l o w s : r i S k f ° r the USMC r e s e r v p „ 

r e s e r v e p e r s o n n e l i s a 

»> Bui lding. , 2 2 0 p e r s o n n e l ) 

. R " < ° - 1 5 » <50> (0.033, ( 1 . 8 x 1 0 . 4 ) 

= 4 - 5 x l 0 - 5 / y r 

4.9 x ^ - C . ^ V ^ g cancer r i s k f r o m ^ ^ ^ 

The p r o j e c t e d 

- p U d ^ t n ^ e ^ " ' s t e d ' a ^ ^ / ^ V " ' " - ^ P l y i n g 

C R * « " - 5 ( 7 ) + 4 5 x . . 

- 1-3 x 1 0 - 2 / y r " X 1 0 5 « " 0 ) 

^ ' ^ ^ 1 : ^ 9 . - . - r a d i a t i o n , 
C R = 1.8 x l 0 - 4 / y r 

^ WL values J e r e

g o n n ° ; 5 P C i / 1 i n c l u d i n g b a ^ 8 1 ' 6 ' R a d o n 

c a l c u l a t e the h e a l t h n C ? a r e n e g l i g i b j f P „ " ? P l a n t s i t e i n 
upper l i m i t on ^ r ' t \ l V ^ ~ a t i ^ d V.°.V. f 0 an° 

R = (4xl0~3) f ( - n \ . , 
; IOU) ( 1 . 8 x _ , g. ^ _ 

o i T ~ 3 .6 x l 0 - 5 / y r 
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50% occupancy the value of 5.6 x 1 0 " 4 / y r i s o b t a i n e d f o r 
Rl. 

B.1.4 432 Wi l l i a m Street 

The e s t i m a t e d radon daughter c o n c e n t r a t i o n i s 0.05 wL, 
which r e s u l t s i n a R]_ of 4.5 x 10~ 4/yr. 

B.2 DOSE RATES AND HEALTH EFFECTS FROM THE REMEDIAL ACTION 

C a l c u l a t i o n s of the dose r a t e s and h e a l t h e f f e c t s t h a t 
p o t e n t i a l l y c o u l d r e s u l t from exposures d u r i n g the r e m e d i a l 
a c t i o n are considered i n four p a r t s : 

(a) Impacts from cleanup of tne o f f - s i t e p r o p e r t i e s 

(b) Impacts from t r a n s p o r t a t i o n to the Sampling Plant s i t e 

(c) Impacts from s t o r a g e on the Sampling P l a n t s i t e 
(Appendix C) 

(d) Impacts from t r a n s p o r t a t i o n from the Sampling Plant 
s i te 

D e t a i l s of the c a l c u l a t i o n s f o r the f i r s t two par t s are 
presented below. 

B.2.1 Doses from Cleanup of O f f - S i t e P r o p e r t i e s 

No h e a l t h e f f e c t s from i n h a l a t i o n of radon daughters or of 
contaminated dust are estimated; i t i s assumed t h a t workers w i l l 
be wearing appropriate r e s p i r a t o r y equipment during cleanup. 

The whole-body gamma dose to a maximum worker i s obtained 
from e s t i m a t e d average exposures and expected cleanup time 
periods. For adjacent and nearby p r o p e r t i e s the value i s as 
f o l l o w s : 

mean Ylevel '= 30 UR/hr 

D = 30 UR/hr x 40 hr/wk x 6 wk = 7.2 mR - 7 mrem 

For cleanup of the Rectory: 

mean Ylevel = 100 UR/hr 

D = 100 UR/hr x 40 hr/wk x 3 wk = 12 mR 

For 432 Wi l l i a m S t r e e t : 

mean Ylevel = 100 UR/hr 

D = 100 UR/hr x 40 hr/wk x 2 wk = 8 mR 
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--^-L._Doses from T,-, 

°d ~ (5.3 x 10-2) __R__ r_j_ 

wnere r v 

(B-4) 

Parameter 

°d - observer pvn^r. 
V K r exposure ( U R j 

R = radium content i n t r f l t l c 

v . transported s o i l ( p C i ) 

V e l — y of trucks ( C B / h r J 

P = t Q t a l t i m . f o r t r a n s p Q r t 

3 - distance of t-,- = 
° f t r a n s p o r t (cm) 

= distance between observer anH 
f H = f r a

 d n d r o a d (cm) 
^d - fraction of t-ai-t • 

l n t h e ^ I c u l a t i o n are-
e t e r 

r WUliam__Street 
R

 i n J cm 
v 2.9 x l o l l p C i 1Q3 cm 
d s'x C m / h r (30 mph) I ' l y* ^ 

120 hr 10-5 m 

T h i c • 80 hr ^ n I s gives o -
« " " a m S t r e e t l o c ^ . 2 « f " « e R e c t o r y a n d ^ „ R 

R O T tne 
2-i£r^i_Doses from T^, 

^ d r i v 6 r of ^ 
o f 78 mrem d u r i n o " ^ ^ t h e t r u c k s would r e , B i 

contaminated m a t e r i a l t 6 r m ( ' C o n " r v a t i v e i 1 o* m a x i m u m d°se 

u s i n 9 a gamma exposure 
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^ " ™ f = . ~ ^ S f o n

t 0

o r r 5 - ^ « . - - " c h correlates to an averao, 

—SUMMARY OF HFAr,TH i H P A C T ^ 

Tables B- l and B-? a-^ „ 

^ - - - ^ r p ^ ^ t i e s r - x n e ^ HVal'tS 6" " ^ n " A V n t 1 " ! ; ' 1 . , " ^ 
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a 
i 

Location 

Sampli ng 
Plant (ar 

proc. Bldg. 
Adm. Bldg. 

Nearby 
Properties 

Rectory 

432 Wil l iam 
Street 

Avg Radon and 
Radon Daughter 
Concentrations 
pCiTrTDT-TCTe) 

2.9 
2.4 

0.5 

25 

10(d) 

0.15 
0.012 

0.004 

0.13 

0.05 

TABLE B - l 

raoM DIHECT INHALATION 

J^ose to Lunq Health 
Number of p e 0 p l e f j f j ? ' ^ ^ o ^ I a H o T T 
(24 hr/dav ^,,7.?> _ L u n g 0 0 3 6 Health 
Number of PeooJp r., " " copulat ion 

^ £ t s ^ r (24 hr/day equiJ) 9 ^ H e a l f c h 
d__iLejluiv)_ manrem/yr £ * f e c t s / y r 

°-20 2 .4x l 0 2 3.6x10-5 

°-2 5 .0x l 0 2 3.6x10-5 

3 - l ( 6 ) 3.1x104 5 . 6 x l 0 - 4 

10 
2 

32 

10(d) 

2(d) 

72 
1.4 

6.1 

310 

50 

1.3x10-2 
2.5x10-4 

1.1x10-3 

5.6x10-3 

9.0x10-4 / . . ^ ' U A I U * 

l a ,Assumed Occupancy- AH™ • ~ " 

' ^ r ^ ^ t ^ ^ B u i m n 3 ' 1 :—= 
<C Based on 50 e l ^ ™ " " ! g r o u n d . ^ B U i l d l n 3 ' 7 people f o r 240 
"{Es t imated < * 1 " " > " • » , not measured values 
'"'Based °n 50* occupancy. 



CD 
I 

00 

TABLE B-2 

HEALTH EFFf'fTQ irr,^ 
T S EXTEHNAL GAMMA KADIATION 

Loca t i on 

Sampling Plant(aJ 
Proc. Bldg. 
Adm. Bldg. 

Adjacent 
Residences 

Adjacent 
Commercial 

Rectory 

4 3 2 William 
Street 

Maximum 
Gamma 
Rates 
UR/hr(b) 

19 
9 

Ind iv idua l 
Dose 
mrem/yr 

61 
26 

44 

Health 
E^fects/W 

6.1xl03 

2.6x102 

4.4x10-6 

30 

37 

10 

6 0 6.0x10-6 

1.6x10 5 

88 
8.1x10-6 

10 
2 

24 ( c ) 

8(c) 

10(c) 

2(c) 

1.6 
0.18 

1.0 

0.5 

1.6 

0.18 

1.6xl0~ 4 

1.8x10-5 

l . l x l O - 4 

4.8x10-5 

1.6x10-4 

1.8x10-5 (a) ~ . o X l u " 
;Assumed Occupancv- A H . ; • : ~ _______ 

J c ; Estimated natural background. u ^ a i n g , 7 people f o r 240 

^ s e d on 50% occupancy. 



APPENDIX B REFERENCES 
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0 f £ l c e of.standards D e v e l o ^ n ^ r ^ - ^ • 1 0 9 ' ™ . 
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APPENDIX C 

POPULATION DOSE CALCULATION 

U.S. Twhea^ete°ro:Logy used i n , h 

c y l i n d e r ( t h e t ime . T h . „ D a n d E were y ' For 
s n n t - l n " rde r to c ° h t a n i i n a t e d ar_= h a s sumea to 
source area o f ,-„ a ccommodate model „ a w a s modeled a . 
u n s e r v e d i „ t „ t n e contaminates* f f ! " n s t r a i n t s . T h e " ? 
3 - 2 PCi /_2_ . „ t n e ™ o d e l i n < J . A n " , , e r l a l s t o r a g e ° t a l 

wnich i S a

 S „ w a s obtained f o r rh_ " 9 e r a d o n f i . „ ^ e 

- e r a ° g T r

£ ? u „ i V : 1 " t l - » ^ n ^ o s e ^ " . . ^ . . f 

—»f 2.7 pc1;nv%rr?„n.ta..'.
h..fs? 

• ? r ™ ^ t ^ ^ t ^ - - a - t d - e ^ ^ 

a c e i s 23 manrem/y r . ° C l a t e d P r o p e r t i e s . W i t h l n

e

 c

f r o m the 

* ' » o r _ 1 y 0 n

d l ^ / b P P « x i . . t . 1 / ^ o t . . r

1 V U l . " » 9 t o J l V r o j e c e^ 
f rom the s i t e an W 1 t h i n tne l - m i r \ f „ . ° t u r n e d to h» 
f P " l a t i o n P r o i e c t f n " U a l r a t e o f f r o m 1 to 5 m * 
* b l e c - 2 . P r O J e C t l o " = ^ r 25 y r i n ^ t n e » - « used . T L S " 

g T n " a r e s h°wn in 

* Pari„g Population dose rates ar 

population .th the: Ari.ŝ -iv;t.0;r I 
I 
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projected population t o prw.n.'Up.J.i""""'' b^ 
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o 
I 
CO 

Radial 
Annulus 
(mi) 

TABLE C-l 

Population 
i n Sector 
(people) 

164-900 

Average Radon 

(pci/i) D ? s e R a t e a 

' (mrem/yr) 
2-6 x 10 -2 

9.8 x 10 

3.9 x 10 

2.1 x 10 

9-7 x 10' 

5.1 x 10 

3.3 x 10 

1-9 x 10 

1.6 x 10 

-4 

-4 

-5 

-5 

-5 

Based on 0 •005 WL/pCi/l, 10 rem/WLM 

67 

2.5 

1.0 

0.54 

0.25 

0.13 

0.085 

0. 049 

0.041 

Population 
Dose Rate 
(manrem/yr) 

0. 067 

4.3 

3.1 

2.7 

2.0 

5.9 

1.7 

1.6 

2.1 

23 

7-7 x 10 -5 

5.6 x 10~ 5 

-5 4.9 x 10 

3.6 x 10 5 

1.1 x 10~ 4 

3-1 x 10~ 5 

2.9 x 10 -5 

3.8 x 10 -5 

4-2 x 10 -4 



n 
i 

TABLE C-2 

Radial 
Annulus 
(mi) 

O-O.l 

0-1-0.5 

0.5-0.75 

0.75-1.00 

1.0-1.5 

1-5-2.5 

2.5-3.5 

3.5-4.0 

4.0-5.0 

P r o j e c t e d 3 

Population 
i n Sector 
(people) 

Average Radon 
Concentration 

i n Sector 
(pC'i/.l) 

Average I n d i v i d u a l 
Dose Rate D 

2.6 x l o -2 

2,800 

5,100 

8,100 

13,4 00 

73,800 

33,500 

52,200 

82,300 

9-8 x 10 

3.9 x 10 

2.1 x 10 

9.7 x 10 

5.1 x 10 

3.3 x 10 

1.9 x 10 

1.6 x 10 

-4 

-4 

-4 

-5 

-5 

-5 

-5 

(mrem/yr) 

67 

2.5 

1.0 

0.54 

0.25 

0.13 

0. 085 

0.049 

0.041 

Population 
Dose Rate 
(manrem/yr) 

0.067 

7.0 

5.1 

4.4 

3.4 

9.6 

2.9 

2.6 

3.4 

Health E f f e c t s 
(Cancers/yr) 

1.2 x 10 

1.3 x 10 

-6 

-4 

9.2 x 10 -5 

-5 

-5 

7.9 x 10 

6.0 x 10 

1.7 x 10~ 4 

5.1 x 10~ 5 

4.6 x 10 -5 
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A

d U H 6 ' D * J ' C h ' i s t i - ' Legge t t , 
Measurements a t a'nV _ A n d e r s ° n ' " R adon and Radon Daughter 
P l a n t ^ T i d d l e s e x " I ' Y e r s t ^ r * Sampl ing 
l i s h e d ) . J e r sey ; DOE r e p o r t ( t o be pub-

S a ^ p i ? ^ survey o f the Middlesex 

Ridge N a t i o n a l i f b o r a t o ' r v O a V ^ L D O E

T

/ E V - ° 0 0 5 / 1 ; 0 a k 

1977. c o r y ' 0 a k R i d g e , Tennessee; Nov 
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APPENDIX D 

OF THE H E C T ^ f o f T ^ ' c i i L ^ 1 ' ^ DECONTAMINATI ON • 
AND THE P R O P E H T f ^ r ^ ^ ° U " ^ ? L ^ M 0 U N T 

1 a i 4 J 2 WILLIAM STREET 

^ r s e y h n a S r n e l d e

m e e ? L a s n e r

t

9 o y a n d - t h e B o r o u 9 h 0 f Middlesex N . 

would be unde r t aken p r i o r r H . S - d e c o n t a m i n a t i o n a c t i o n 

dependent upon c o ^ t i o n ^ f N ^ r o c ^ " S " e l 

The purpose of t-hi 

excavated" ^ P 1 ^ P l a n t s i t e ? ? t f ^ ° S e S S B u ^ ^ d i ng a t the 

^fp^Aiii: thf

e

 b i ? k j s ^ 
and shrubbery replanted * a n d P a v e m e n t s replaced, and lawns 

soVl 0 ?™**^ t 0 ^ a V e r a^ e dePth of 
s o i l to natural background W ^ t * ° r e m o v e the contaminated 
contaminated materials would be 1* Approximately 2,200 d3 
55-gal steel drums woulPbe r e a u i r P r t 0 ^ * Approximately 8 ,800 
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natural backgrVnd' Tevels ° A ^ r o x l ^ e l y ^ r s o ' " ^ " 6 ^ S ° U " 
mated materials would h« „„,Ti \ f f y . 0 y d o f contam-
steel drums wouid b e r e q u i r e d ^ . t o K Z ' T t t * 2 ' 6 ° ° 
material. Approximately• snn „H3 _ s t o r a 9 e of this contaminated 
involved in Mm " a ? to 5 D £ ? / / , h « n c a m l n a t e d so i l would be 
This wou l d resuu ^ ' t h e ' u f e 1 ^ ^ 0 0 "drums?1 l a - l s . 

» . c t o ? y % n d p . - t

r i 0

y

n , . 1 n d e ^ P ^ V r V / V ^ T A ? ' 1 ? ° ' estimated to be $385 onn for >?J. V • William Street i s 
$310 ,000 for C r i t e r i o n B d

T

e

h

c

e ° " t a m l n a V ° n t 0 C r i t e r i o n A and 
leve ls for d e c o n S t i " n „ % J w W ° ° P t i o n a l c r i t e r i a 
background r a d i ™ * ^ a b ° V e b a c ^ r o u n d or 
remedial action, where reasfhA However, at the time of 

a^eLo^y ^ii B^K^TV^ ^ 

00°^ o7 s o c i a l W Z 1 ' » V " P \ . ^ V ^ r ' f £ 
• I g n i f l c . S l y V g h ™ o v e r 2 V n i d a b o a r n d l l n 9 , • " J 1 " - * ' " . and tne 
handling drums o£ contamin/Art l a b o r costs for f i l l i n g and 
would bl s l ightly h ° g h e b e c a u s e o/'tht S , H H - I " n s ? o r t a t i o n c o s " 
drums. Approximately 40 u „ , , „ additional weight of the 
complete decontamination and r e s t o r a t i o n " S ^ " * "> 
Criterion A and 30 working days for C r i t e r L B . " " " i C h 

impleLhntfn\Vi t r ^ e ^ d / r r f c t i o ^ r nWe°celdsa°ryCUur„daeSr °£ 

decontamination effort are very ^ " T Z s T ^ J ^ Z l l 
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ENVIRONMENTAL ASSESSMENT OF THE PROPEPTIFS 
A D J « M S ? ' T T 0 N E A R D Y T H E F C R M E R MIDDLESEX 

SAMPLING PLANT, MIDDLESEX, NEW JERSEY 

t a » i n I 5 i % ^ ^ DOE) has p r o p o s e d a d e c o n -

c o n t a m i n a t i o n o n " e ! t

C ^ * ° . c l e a n U P ^ r a d i o a c t i v e 
f o r m e r M i d d l e s e x ^ s L p l i „ P c ^ P l a n t a l ^ A T ^ n e a r b y t h e 

M i d d l e s e x , New Je r sey ( s e e F f g u r e 1 T L ^ ^ * 1 "
 A V S n U e i n 

be d e c o n t a m i n a t e d and r e s t o r e d t o 11' i P r o p e r t i e s a re t o 
and c o m m e r c i a l use w T ^ ! S t ° " d } ° a l l o w c o n t i n u e d r e s i d e n t i a l 
t o the i n h a b i t s A l , n ^ J 6 V e l ° f r a d l o a c t l v ^ exposure 
become a v a A a b l e f o r f u t u r e Z l l T ^ U n d e v e l o P e d P r o p e r t y wou ld 
t o i t s r a d i o l o o i c a l c o n d l P ^ n t w i t h o u t r e s t r i c t i o n s due 
F o r m e r l y Ut ° A ° e d s i t . , p ^ ' A S * P r e s c r i b e d s t e p i n t h e 
an e n v f r o n r n V n t 2 : ? a ^ T s s ^ e n f s V r v e l ^ o " i ^ T l T ^ ^ ' ^ 
P repa re 1 ^ t Z ^ ^ f o r de t e r m i n i n g t h e K e r ' t o 

s i g n i f i c a n t T m p a c t ? b t a l T i n r T ^ n ^ ^ 3 f l n d l n ^ o f " ° 
N a t i o n a l E n v i r o n m e n t a l P o l l L t \ ° E S C o m P l l a n " w i t h the 
s t a t e m e n t i s n ™ e s s a r v a n / f f , , n ° e n v i r o n m e n t a l i m p a c t 

*»uty RegulaAIT 

r a d i o I S g ^ a f ̂ p T t " " " 1

 a

A „ S S " — " 1- baaed p r i m a r i l y on a 

residence a t 432 W i l l i a m ^ 1 ° / Our Lady o f Mount V i r g i n , and a 
nat i o n has been made f o r t h . l • " P l s c a t a w a V - A NEPA determi-
a c t i o n has been completed Th? P r

F °
p e r t l e s a n d t h e remedial 

presents a summary o f the r™, n E n v i r o n m e n t a l Assessment 
adjacent t o and " L r g t £ s ^ ? £ P ? ™ ^ ^ ^ P ^ i e . 

o o ' n t ' a m i n ^ T i o n 3 ^ ^ ? 1 ^ f o u n d ' ' ^ i a P ° S S l b l e t h a t 

decontamination process ?h e p r o p e r t i e s d u r i n g the 
c i f i c a l l v a o o l L f h f f I environmental i m p l i c a t i o n s spe-
reviewed and a N E p i " e W a r e a o f contamination w i l l Pbe 
i n - t i e ^ : ^ ^ b e - d e decontam-

1.0 PURPOSE 

the e ^ v V o ^ Assessment i s t o present 
d e c o n t a m i n a t i o n and r J J t o r a t ^ n \ m P l e , n e r i t ^ a r a d i o a c t i v e 
p r o p e r t i e s adjacent to »V* Z a c t i o n on the contaminated 
s i t e i n Z nearby the Middlesex Samplinq Plant 
s i t e . i n accordance w i t h 40 CFP ] SDfl o (7) *y,Q ^ " " J ' xant 
are also b r i e f l y reviewed. 1508.9,I/> the a l t e r n a t i v e s 
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This r e p o r t describes the proposed a c t i o n as w e l l as the 
a l t e r n a t i v e s which have been c o n s i d e r e d p r e v i o u s l y . ( 4 ) T n e 

physical and socioeconomical aspects o f the present environnent 
which would be a f f e c t e d by the a c t i o n are d e s c r i b e d . M T o 
d e s c r i b e d i n the r e p o r t a r e : the impacts due t o c u r r e n t 
c o n d i t i o n s , those which would r e s u l t d u r i n g the remedial a c t i o n 
and those which would r e s u l t a f t e r t h e a c t i o n i s completed! 

2.0 HEED FOR REMEDIAL ACTION 

The r a d i o a c t i v i t y measured on the p r o p e r t i e s ranees as 
h l f n " 2 4

y

0 1 P C l o f 2 2 6Ra Per gram o f s o i l , 0.04 VJL o f 222p n 

and 235 uR/hr o f e x t e r n a l gamma (Table 1 ) . A remedial a c t i o n i s 
necessary t o reduce the p o t e n t i a l h e a l t h e f f e c t s from exposure 
t o the e l e v a t e d l e v e l s o f r a d i o a c t i v i t y . The r a d i o l o g i c a l 
h e a l t h impacts due to the present c o n d i t i o n o f the p r o p e r t i e s , 
as c a l c u l a t e d i n Reference 3 and summarized i n Table 2, i n d i c a t e 
t h a t t h e r e i s a p o t e n t i a l f o r 1.3 x 10"3 h e a l t h e f f e c t s per 

The h e a l t h b e n e f i t s gained by removing the contamination 
are l i s t e d m Table 3. The t o t a l h e a l t h e f f e c t s avoided over a 
50-yr period are estimated t o be 7 x 10-2. Therefore, i f the 
c o n t a m i n a t i o n were not removed, the t h r e e exposure pathways 
l i s t e d — i n h a l a t i o n , d i r e c t gamma, and i n g e s t i o n o f food grown 
i n contaminated s o i l — w o u l d r e s u l t i n a 7% chance o f one person 
i n the area dying during a 50-yr period due t o cancer caused by 
the r a d i a t i o n . This e s t i m a t e , however, assumes the p r e s e n t 
pop u l a t i o n d i s t r i b u t i o n t o be constant over the next 50 years. 
I t i s p o s s i b l e t h a t employment and p o p u l a t i o n w i t h i n one mile 
from the s i t e could be increased t o more than double. I f such 
an increase d i d occur,, then the p r o b a b i l i t y o f a death due to 
cancer could be greater than 14% over the next 50 years. To 
date, there has been no observation o f a c t u a l e f f e c t s caused by 
the r a d i a t i o n on the h e a l t h or p h y s i c a l w e l l - b e i n g o f i n d i v i d 
uals i n the v i c i n i t y o f the contamination. 

The vacant areas, however, w i l l be desirable for develop
ment because of future growth potential in the area. The area 
south of the Sampling Plant s i t e contains a higher concentration 
of r a d i o a c t i v i t y ( 2 ) t h a n t n e a r e a a r o u n d t h e r e s i d e n c e s and 
commercial establishments to the east. The present radiological 
condition therefore could impair the future development of the 
vacant a r e a s . The value of a l l the contaminated p r o p e r t i e s 
might be depressed, and i f depressed, would remain so u n t i l the 
contamination i s removed. 

3.0 DESCRIPTION OF REMEDIAL ACTION 

The DOE proposes t o conduct a remedial a c t i o n i n the near 
* U f a t 0 d e c o n t a m i n a t e the r a d i o l o g i c a l l y contaminated p o r t i o n s 

of 28 p r o p e r t i e s adjacent t o and nearby the former Middlesex 
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Sampl ing P l a n t s i t o / -

t r a n s p o r t o r ™ t i o n , „ re" M , , T r ' ' r o ' " 2 " ^ s ( s . c 

- t e . ' a n ^ / / ^ . S ^ " ? » « « l < . l . " V r " . t o r s i t e a n d f- - " " ' J - n a t e d i n a t e r i - i l c r W i n " <"J'>d w , l f f -

^he P r o j e c t w i l l 

a ^ V e ^ r r r h ^ ^ ™ ^ ^ : r ^ L ° f ^ c o n t a m i n a t e d 
h i g h - h e a t h r d b O U t 2 3 < p C C y d 3 ( 4 ) l e m a t * r i a l , and e x c a v a t i o n 

Cu«" „ b ^ t ^ b 5 n ; r f - g a £ r t ^ ^ t ^ C 

r e s i c e n t a ! a n d * " * 1 * t 0 b e b u ^ d L e b u s h ? e m i s " o 
g r o w t h on the U n a e v e i o 0 p : r r C l a i P ' o p e r t i e V a ^ w V l l ^ V " " 8 on 
^ e s e p l a n t i n g s as p r e v f o u s l ? ^ " " 8 - Append 1 x A i s J 1 " " " 1 

o r e a , the s o i l s w i l i T y i n v e n t o r i e d . To a l l s t o f 
a r a d i a t i o n l e v e l ? ? x c a v a t e d t o a d t h u ° n t a n i n a t e ^he 
" u e r l a p r l u l o T t L °>5 5 P C 1 / g o f 2 2 6 R a f , 1 C l e n t t o r each 
Depar tment o T E n V 1 r o n y U S E P A ' a n d d e t e r m i n e d b v ^ S U p e r C e d i ^ 
a p p l i c a b l e t o n o m e n t a l P r o t e c t i o n N j n r p ^ t h * U e w J ^ s e y 
c o n t a m i n a t i o n v a r f ^ 1 ? " 5 a t M i d d l e s e x . " G? T L * " , ?

 D 0 E t o be 
the Sampl ing P i ™ , ^ a b o u t 2 f t on t h . d e p t h o f the 
^ u t h . T h e e x a " , 3 b O U t 5 f t near t h e T r t , * * * * a " d w e s t o f 
t i m e o f excav^V m t S a n d dep ths w o u l d x J * 9 6 d l t c h ° n the 
be c o n t a ^ ^ T n d b u l l d ^ a P

 0

h „ p ^ e ^ ? ™ ^ a t t he 
t i o n . The cnnV h u s a r e n o t i n v o l v S S a r e k n o w n t o 
l i n e s ( a v o i d ? n c t h " ^ ^ m a t — a l W O d £ t h e d e c o ^ a n u n a -

s i t e w n e ^ 1 ^ V u f d ° f l o c a l s t r e e t s ) t o t he T ° S f • 
F ^ o r e 4 ) . r , o n " i d b e t e m P o r a r i i y s t o r e d and S a m P l i n g P l a n t 

S - S T 0 - " — -« an 
enve lope a r o u „ " t ^ P " « - T h i . * " . ^ t " . h " h b . 
t o l e a c h t h r o u a h r L l n a t l o n " h i c h W i l l „ ' l n a s " l e d 

b " i l t a round t h f , , " " t a m i n a t i o n . A d r a " n o t wa t e r 

U t l ^ e d

b e y

f o r n ° d m t ^ / r £ » ' - " - a ^ ^ - " j r i ; ! 

s terns t h a t c o u l d ^ 1 f V e W a l k s ' s w i " n . i n g p o i l s V ' P a V e d 

be a f f e c t e d f o r e a c h p r o p e r t ' T h " 
l r o p e r t y a r e g i v e n 
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i n r e f e r e n c e 5, 

A f t e r t h e DOI-' 1 

w o u l d be r e o l A 3 e x c a v * t e d . The d r i v

 W ° U l t l b u ^<- 'd t o 
o r i g i n a l c'onS ^ ' d t h e a r ea r ^ Z ^ l s ^ ^ ^ ^ i j 
^ t h t h e a p p r o v a l 0 f 8

t h

P r a c t l c a l - T h i s work w i l l b ^ * t 0 t h e 

1 8 e s t i m a t e d t h a t , 1 p r o P e r t y owners as L ' Pe r fo rmed 
a p p r o x i m a t e l y fl I e x c a v a t i o n o P e r * r , P o s s i b l e . I t 

lately 6 mo V r S m ^ * ^ P r ° ^ " o V l d " ' W ° U l d 

-ore complete d e s c S 1 0 n V ( G e e References 4 T " * ^ o x i -
Procedures.) e s c « P t 1 0 n of the decontamination and reV f ° r * 

= s t o r u t i o n 
D e c o n t a m i n a t i o n flnH 

i n v o l v e e x c a v a t i o n ? n ; t a m i n a t l ° n ' l a t e r d e ° P B e n t W ^ e t o 
w e l l - I t I n a n d r e s t o r a t i o n n f , K Q m i n a t l ° n would 
h c e s , a n d

1 S

s t

P

r ° e

S

e

S

t

l b l e t h a t t h i s Sou ld i ? * " e W Q e v e ^ p , e n t 

^ t u r e d e v e i o p ^ V L , T h i S C ° U l d b * a v o i d e d b * ^ b u i l d l ^ 
r e s t o r e d . Such a

 t h e a r e a ^ t o t a H j H n C t a H o w i n o 

« m p o ™ r i l y

r ° ^ S e

t t r e " e d i a l a c t i o n w o u l d s t „ r „ 
owned by t h e u s ^ " " S W a n t . Tha t p r o r » c o n t a n " a t i o n 
P l a c e d a r o u „ d t h a n d i s f e n c e d P

 l , y , P " « n t l y 
P repa red where t h e " t 0 m ° n i t ° l - ' h e g r o u n d ' v „ t

 1 1 = h a v e h ee , . 
P l a n t i t s e l f , , c o n t a m i n a t i o n can be H w a " r . A n a r e a i s 

conta^nateV ™ t e S l T ^ " d ' 7*" ^ " P i l 4 
which have r e c e n ^ " ^ ' ' ^ ' h e r e f r o m t 4 o t h e r V f U e ° f 

' P r o p e r t i e s . « • « * bacK b e h ^ d " o V h T r ' 

tfiisunderstanrif c o u l d , however s m i h a F i l e o f 
l " P O B a P " £ i 9

s I T 9 t h e l o « i • c i ' t i z e „ a

 S O T e f e a - " and 

v ^>-ner p u r p o s e s . 
The b u i J d u D o f 

Sl a n t s i t e w , n c ° n t a m i n a t e d m a t o r , , 

•» a « a The s l r X 2 1 , 1 ^ - " e a e " " t d o V t h " ^ P 1 " -
£ " H t i „ e a t t

 1 9 n , " , C r C a S C l n e * P ° = • « f o ! a e m a " a t i ° " ^ 



e s t i m a t e d t n 

l n m - ^ 7 . 3 _ m / y r . T h l s e x p o s u r e ^ 

abou t 55 f t e t h ° f - C ° n C e r n 1 5 g e n e r a l l y 

« - - o n a b l . ^ a ^ ^ 3 ^ * " ^ - 1 ^ ~ 

S i t e a n d ^ e s ^ o " ^ * J U V « ° * . ° f T ^ h * . « • » » 

and o f f o f ^ >, „ ^ n e r e a l s o i s e v i d e n r o « V" P a r ° l l e l i n a t h e 
« i n . « ™ . . f ( $ . h

4 V M P " n 9 P l a n , s i t e d ^ f o n t o 

i n c l u d e - ° r

; , n e a r t h e S a m p l i n g P l a n t e 4 * 

c o n n e c t i o n s S T h i ^ V ? " ' ' aYonV Mount " • • » • 

1 ° » i s l o f o ? i n " " ? 1 F r e c i P " a t i o n i s 41 64 -

i n 1952. T o t " , ' d U r " 9 1 9 " , and t h e h i o h ? V , " T h e r e c o r d e d 
o f 73 s ,• „ * y n e w m t e r o f 197? i Q , ^ n a s f e w as 1.9 l n 

5 d U r " ^ ««. wrnter P e ^ f o " ' ^ " ^ ^ ™ r e C ° ^ 9 
A l t h o u g h t h e r e 

i n a t i o n l e a c h i n o i a P o s s i b i l i t y o f t h « 
w e l l w a t e r J o L t 0 , g r O U n d ^ t e r a a u i f e r s • \ e X J ; s t l n 9 con tam-
reaches deep a q u i f e r T ' ^ t h a t o o n t a m Y n a ' t ? V * a n a I y s e s o f 
t h e a r e a . O f a < 3 U l f e r s ' and s h a l l o w a q u i f e r s a r e n n r T ^ 3 r e a 

a r e n o t t apped near 
t h e 
has i n t o 

3 . 0 . -
eo l n S e c t i o n 

I f s i g n i f i c a n t 

S " * - 5 0 1 1 W l 1 1 nave t o be r e m o v e d " l V P l a c e ' 
a t o a d i s t a n t 
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w l n d s a r e p r l m a r l l / f r o r a ^ ^ o u \ h h l « r i n d e r o f 

Th e S t a t e o f \-

spec i e s has been ^ R e c : L £ , s i n New J e r s e v " e

M

r i P ' ' e r a l a n d 

V e n o u s t o t : a ^ ^ - h e ^ s , ; ; . 1 " o V L t e 

i d e n t i f i e d on •Milf r a r e o r e n d a n g e r e d n l ^ r , ^ 

There have been no 

- e n l d e , t i a e d . « ^ t i e s « * * h a v e 

5.0 POTE-TTAr h i s t o r i c p l a c e s . 

The p roposed remedi-,1 a - 1 -

The i n d " e c t % / / e

Y = i C a l = » ' » o M n s u c h a s " ' 0 " ^ " i n g 

summarizes the environment? ? 9 T e r m A d v e " e (LTA) } ' r e m e d i a l a c t i o n ^ o n r a e n t a l i m p a c t s r e s u l t i n g * y ^ l * > - Tab le 4 
- p a c t s w h i c h ° h a v e b T n d i X C i s a g e n e r i c o f " ^ p r ° ^ s e d 

have been c o n s i d e r e d . ° f e n v i r c n m e n t a l 

A l t h o u c h n e o s f i T ^ 

D i r e c t E f f p r t e ( 3 ) 

a i s c u s s e d m S e c t i o n 5 . 3 . y e t f e c t i v e c o n t r o l 

• A i r p a r t i c u l a t e c a ^ - i 

I s o t o p e w i t h t h e I n r a d i o a < = t i v i t y was n o t e d T ° n S t h e r e ' * 
• i o n o f t n e 238!; a l ' p h a ' V ^ 1 " ^ 6 ^ . ^ • " ^ o - c t i v e 

a l p h a e m i t t i n g p rogeny i s ? 3 0 T h ^ t h

 C ° n C e n t r a " 
— n W l t n a maximum 
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as a f " * " * e ^ i „ c „ „ . t M I „ r a r i l y 

would be an I T ^ " ^ sin^e =° n «">™ated s o i l s . This Increase 
t h e r e m e d i a l a c t i o n ^ o r k " ? h e ' „ ^ " J ^ ^ d u r " i o n o f 
o f t h e i n c r e a s e w o u l d be f f e r f . / i m m e d i a t e v i c i n i t y 
p r o b a b l y w o u l d n o t i n c r e a s e fmh? H i 9 h " n e a t b u r n i n g 
P l a n t up take o f to.™^^™. * ^ i m b — 
t h a t a maximum dose o f abou t l n, m r s m a l l . i t l s e s t i m a t e d 
gamma r a y s ) t o each w o r k e d c o u l d r T s / ^ ^ W h 0 l e b ° d y ( f ™ 
r e q u i r e d t o c o m p l e t e t he e x c a v a t i o n o f ° V S r 8 _ W k p e r i ° d 

(See p a r a g r a p h B . 2 . 1 o f A p p e n d i x B f ^ a m i n a t e d m a t e r i a l , 
exposure i s l e s s t h a n t h e F e d e r a l *»« ?" 6 r e n C e 3 ' } T h i s 

l e v e l o f 27 mrem i n 8 wk ( c a l c u l a t e 1 ° n . C ° U n C i l G ^ e l i n e 
l e s s , t h i s e x p o s u r e w o u l d be a m f S f S 1 6 1 > • N e v e ^ h e -
m d i v i d u a l ' s w L l e body burden l n

 L T \ l m p a c t b e c a u s e t h e 
exposure w o u l d be i n c r e a s e d bv a s - f i ^ ° f l i f e t l m e r a d i a t i o n 
" q u i r e d f o r t h e d e c o n t i ^ t he p e r i o d 

Hea l t h e f f e c t s f rom • 
e x c a v a t i o n and l o a d i n g ° o f " ^ " 1 * " a s s e s e d ^ t e rms o f t h e 
n a t e d m a t e r i a l s . s i n n * \ l 2 < " M " * * 6 * 2 3 ' 0 0 n ^ 3 o f 

c o n t a m i -
s h o r t - t e r m exposu re c o n s t i t u t e , . ^ S X p o s u r e 1 3 c u m u l a t i v e , a 
o f a p e r s o n . P

T h i s i ^ \ s e x p e c t ^ d 9 " ^ ? 0 " t h e h e a i t » 
t ed d o s e o f 10 mrem t o each w o r k e r S ? l n ° r " T h e " t i m a -

o f I 0 " 6 ° f c a u s i n g c a n c e r r „ D P " T ^ t 0 * P r o b a b i l i t y 
p e r c e n t chance t h a t an i n r i i ' v ^ , P " n t a 9 e s ' t h i s 1 3 0 . 0 0 0 1 
caused by w o r k i n g ton ^ ^ 0 ^ ^ ^ ^ 

has a ^ e l ^ ^ ^ " ^ - - ^ i m p a c t . A l t h o u g h t h i s 

r a i n f a l l , t h e e x c a v a t i o n and ^ V ? " 9 * P S r i ° d o f h e a v Y 
such a way as to prevent sue A n

s t ° r a g e will be performed in 
t h e w o r s t e f f e c t f w o u i d p r o b a b l v T / 6 " " - v, 1 f A t d i d o c c ^ ' s e d i m e n t a t i o n . p r o b a b l y be u n s i g h t l y e r o s i o n and 

< « • t T ^ ^ ^ i . o r i d ^ c ^ u r 6 ^ ^ 1 ^ " " S ™ — 
s o u t h o f t h e S a m p l i n g p J a n t a i t p S p a r t l c u l a r l V ^ t h e area 
s o l i d s i n t h e s u r f a c e w a t e r s f r o . b e c a u s e ° f * n i n c r e a s e i n 
p r e p a r a t i o n , e x c a v a t o r r e . t o m i o ? 8 1 0 ! ! t h e c l e a ^ n g f 

However, t h e work w i l l be p e 7 f o ™ p d

 S t ° r a 9 e o p e r a t i o n s , 
such an o c c u r r e n c e / D u r i M S i a , n 9 W a y 9 5 t 0 P r e c l u d e 
R e c t o r y and 432 Wi 11 f a T S t r e e t t h . ° p e r a t i o n s a t t he 
be rmed m s u c h a way t h a t n o ' 1 f d . W 3 S e x c a v a t e d and 
p r o p e r t i e s i n t h e r u n o f f s o l i d s w e r e c a r r i e d f r o m t h e 

P i t o f ~ t i o n s e . W J r t S Y s % n o ™ d 0 n t h l a W S d ° n 0 t P e r m i t b — w 
areas o u t s i d e t h e s i t e w o T i d b e t a k l n " S ° i l S d e r i V e d f r o m 

l d b e t a k e n P r i m a r i l y f r o m o v e r b u r d e n 
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m a t e r i a l s e x c a v a t e d f r o m new r n n a t m ^ i - i ^ 

Y £ S £ i a t ^ n _ r ^ m o v a l b e f o r e e x c a v a t i o n b e g i n s woui r t > 
an u n a v o i d a b l e STA i m p a c t . H o w e v e r , none o f t h e r a r e * 

i d e n t i f i e d i n New J e r s e y h a s been shown t o e x i s t n o * r : ! ! 
- i f - . t h . r . f o r . . no l m p a c t s u p o n " ^ ^ c X 

t a m i n f t l f l " ^ n e ^ ^ h e " ^ - ^ t h e d — 
1-s been i d e n t i f i e d o s h o w n t°o T A \ 7 T D L " t n e ' ' ^ 
n e v e r t h e l e s s , t h e l a c k o f h » h , t . . P s l t e a r e a ; 

e n v i r o n m e n t a l i m p a c t t o f a u n a M „ r e p r e s e n t s a . p o t e n t i a l 

xdzz* sr.»p«» o7Thê erâ v-r\osVoh

f 

n a t e r i a i T o 1 , r e S ° u r c a s l n t e rms o f p o t e n t i a l e n e r a y - p r o d u c i n o 
w i t h i n t h e a r e , o T t h S ° f S t r a t e ^ i c ™ l u e a r e n o t known t o b l 

d u r i n g t h e r e V m " d 3 i a a r a ° c ? ? 0

t

n

1 0 n S - K h ° ° l s ' ° r a l f a c ^ i ^ s 

excavSon ™ r = since' t ^ ^ l ^ L ' Z T A J Z * 

r e s t r T c T ^ T t 0 T h 7 . S i d e n t / a l 3 n d c o m m e r c i a l P r o p e r t i e s w o u l d be 
T r e s t r i c t e d a c c e s s w o u l d r e s u l t i n an STA 

i m p a c t . Impac t w i l l be h e l d t o a minimum by p r o p e r o r g a n i z a t i o n 
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c o n t a m i n a t e d , t h e v w i l l not- K 
W . 1 b e 

w o u l d ^ e r t o l d t ^ n V : f e a

r

V e t n e — no roads 
g e n e r a l t r a f f i c wou ld be impac t ed on i J 1 " \ l t h S S a m p l i n g P l a n t , 
t r a v e l i n g t o t h e s i t e , t h e t i l l Y / h e a d d i t i o n a l w o r k e r s 
and t h e t r a n s p o r t o : ' t h e b a c k m T ' °JL ^ W r * t o t h e S l t e 

m o t o r - v e h i c l e a c c i d e n t s i n 107 n a t i o n a l ave race f o r 
d i s a b l i n g i n j u r i e s pe r 10 0 ?00O ' o V mi 1 ' ' ' ' d M t h ' W 1 3 1 . 6 5 
e s t i m a t e d t h a t t h e r e w i l l h J ° ° l l G S R a v e l e d . (9 ) I t i s 

40 m i l e s f o r t h e b a c k f i l l ^ T ^ l T A ^ ^ ° f a b ^ t 
l o a d s . i t i 8 a l s o assumed t h e ^ i ^ i ! t r a n s p o r t e d i n 1 0 - y d 3 
t r a v e l 20 m i l e £ p e r d a ^ e x t r a w l t h T ^ ^ 4 0 W O r k e r E ^ 0 w i l l 

C h a n e l ? f ° r ^ " a d d i t i o n a l 14 wee^s ^ i " 3 ^ 1 2 W S e k s a n d 

chance o f a t r a f f i c f a t a l i t y and a „ i * \ r e s u l t s l r i a 0. S7% 

— b * — d r a f f ^ / ! t h ^ h r i o c ^ r 

f ^ T ^ ^ ^ S T A ^ « i f s e r v i c e s were 
however , i t w i l l be r e q u i r e d t h a t ^ n t ! X c a v a t m g o p e r a t i o n s , 
m o m e n t a r y ( i o n g enough o c h a n o P ? Y E r u p t i o n w i l l be o n l y 
r e q u i r e d ) . T h i s s h o u l d n o t t r t e m p o r a r y s e r v i c e s , i f 
s m c e t h e y a r e be low t h e d e p t h o f t T ^ ^ f ° r W 3 t e r a n d " « e r 
neces sa ry t o connec t t e m p o r a r v n o - c o n t a m i n a t i o n . i t may be 
hang low enough t o h ^ t n e ^ ' ^ t e l e p h o n e l i n e s i f t h e j 
s i g n i f i c a n t t i m e i n t e r v a l w?i f x A n ^ ' d i s r u p t i o n f o r 
o n l y t h e i n d i v i d u a l r e s i d e n c e * a c C l d e n t a l and w i l l a f f e c t 

I n d u s t r i a l a c c i d e n t s 
i m p a c t s . T h ^ - I ^ d u l - t T i T i a c c i d e n t f d i t i o n a l a r e a o f STA 
can be e s t i m a t e d by a s s u m i n a I A 7 d u r i n 9 r e m e d i a l a c t i o n 
o f w o r k . T h i s was t h e a v e r L . a c ^ d e n t s p e r 100 m a n - y r 
1976 and 1977 i n heavy c o n s f r u . t ? ^ ° f t 0 t d l a c c i d ^ t s f i r 
Assuming a c rew o f 20 men f o r i o e x c l u d i n g h i g h w a y s . (10) 
chance o f l a c c i d e n t . S i s means ^ ° f Z ° r k ' ^ & r e i s a n 7 7 * 
4% chance o f b e i n g i n v o l v e d ^ i n a n ' a c c i d e n t ? W O U l d ^ a 

* » « ^ a E v ^ ^ i - P - c t . The n o i s e 

o ^ a t r n s . - " - 5 — ^ - V n V ^ ^ ^ T r ^ ^ 

o f equ ipmen t 5 ™ ^ T u r i £ " ^ o f t h e t y p e s 
and 432 W i l l i a m s t r e e t , no r e c o r d w H ^ 1 a C t l ° n ° f t h e * e c £ r y 
No c o m p l a i n t s o f n o i s e w^re r e a d e r ° f t h e n ° 1 S e l e v e l s -
b l a s t i n g o f w a l l s was begun s L . " ' , h ° W 6 V e r ' u n t i l " n d -
s a n d b l a s t e r was e x c h a n g e d f o r l e s . P l n t S W 6 r e r a i s e d < t h e 
expec t ed t h a t no equipment w i l l i * * e q u i P n e n t ' - I t i s 
p r i a t e s t a n d a r d s . P 1 1 1 b e u s e d w h i c h exceeds a p p r o -
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— I n d i r e c t E f f e c t s 

T h * I s H S n ^ r T ^ U

h ° U l d . n i „ o r r T f l , 

— ^ i f l a t i n q Measnroo 

or a concerned p u b l i c . P d l : n m i s h i r . q 

During the exr*»w- * • 

- I l ^ a T a - - r o u g h the 

Rectory I n d 432 w V n / ^ e - ° U r i ^ t h e ^ e m e d i a T : ° " h ± 9 h d U S t 

t o r s were nor n l a m S t r e e t , dust masks a n / n a c t l o n « the 
dust inask w h u / S r ^ ' a t one m ^ d i ^ a ^ l r e S p i r a " 
inam dus t ? c h l P P i n g t a r paper o f f f r i ^ K worker use a 

; . i c i ™ j h a r . r . r . u s e d T h e 

f i g g i n g t renches a t ?he S ° „ ? e d " a d u * t s p p r e n 

— ^ h e ^ a c e n t P r o P e r S ' — - -
A l l workers w i n ,,«.« -u 

^ z £ E " e - - option wi^r0K"arriVa

h0?* ° £ i ndu«r°a" hyoTê  n""* a n d a n* 
worker. « o « the s i t e o r e n t e r +-K c°ntamina-

c e r t n e lungs o f a 
E x h a u s t f n m p c 
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Proper maintenance and the use o f b a f f l e r s and m u f f l e r s also 
w i l l be required to minimize noise l e v e l s . 

E x t e r n a l gamma r a d i a t i o n l e v e l s w i l l be c o n t r o l l e d by 
using the water sprays as w e l l as by t r a i n i n g the workers i n 
methods for preventing the spread of contamination. Continual 
r a d i a t i o n monitoring w i l l be implemented t o help detect and to 
prev e n t any spread o f c o n t a m i n a t i o n , and t o ensure adequate 
decontamination measures. Public access t o work areas w i l l be 
r e s t r i c t e d t o avoid p u b l i c exposure t o and spread o f contamina
t i o n . 

E r o s i o n c o n t r o l s w i l l be i n s t i t u t e d by m i n i m i z i n g the 
exposed surface area o f contaminated s o i l s and by use o f berms 
adjacent t o any drainage areas. Other a c t i o n s could include use 
of d i v e r s i o n d i t c h e s , dikes, f i b e r mats, and other temporary 
erosion c o n t r o l measures as needed. 

E f f o r t s w i l l be made t o ensure a minimum o f d i s r u p t i o n s 
and inconveniences t o the l o c a l r e s i d e n t s and workers during the 
reme d i a l a c t i o n o p e r a t i o n s . P l a n n i n g and c o o r d i n a t i o n o f 
h a u l i n g a c t i v i t i e s w i t h l o c a l a u t h o r i t i e s w i l l reduce any 
t r a f f i c impact even f u r t h e r . For example, l o c a l s t r e e t s w i l l 
be used for these operations a t times other than periods o f peak 
t r a f f i c flow. A l l operations w i l l be conducted during d a y l i g h t 
hours so as not t o cause a noise problem d u r i n g the n i g h t . A i r 
p a r t i c u l a t e and radon measurements w i l l be taken a t the s i t e 
during the remedial a c t i o n t o insure compliance w i t h s t a t e and 
federal r e g u l a t i o n s . 

5.4 E f f e c t s a t the Sampling Plant 

Since the Sampling Plant i s adjacent t o the p r o p e r t i e s t o 
be decontaminated, the e f f e c t s on a i r and noise w i l l be i n d i s 
t i n g u i s h a b l e from the e f f e c t s caused by t h e r e m e d i a l a c t i o n 
operations. The contamination w i l l be c o n t r o l l e d i n such a way 
t h a t the a i r q u a l i t y i s not reduced s i g n i f i c a n t l y . The noise 
w i l l be caused by the same types o f equipment as a t the excava
t i o n s i t e s . And since the Sampling Plant i s f u r t h e r away from 
any residences than the p r o p e r t i e s t o be decontaminated, the 
e f f e c t s should be even le s s . 

External gamma exposure, h e a l t h e f f e c t s , and i n d u s t r i a l 
accidents t o those workers a t the Sampling Plant are included i n 
the estimates presented above. The estimated e f f e c t s t o each 
i n d i v i d u a l are the same as f o r each i n d i v i d u a l worker a t the 
excavation s i t e s . 

The contamination w i l l be stored as p r e v i o u s l y described 
so the water q u a l i t y w i l l not be a f f e c t e d . 

There w i l l be no e f f e c t a t the Sampling Plant on the r e s t 
of the subjects l i s t e d f o r the adjacent p r o p e r t i e s . 
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' h ' 7 « < i i V l " c * ^ " M c h r e m a l n a f t e r 

m T a b l e 3. 1 U e s ' These i m p a c t s a r e l i s t e d 

< L i D i r e c t E f f e t e 

P r e s e r T ^ r ^ o n s ^ " 1 ^ ^ ^ ^ an LTB i m p a c t compared w i t h 

c o n t a m i n a t e d s o i l would be r t S v e d ™ W ° U l d b e r e d u « ^ : n c e ^ 

r a d ^ t ^ r e d u c e d , r e s u l t i n g 
radiation per gram of soil J!*?^ t d o w n t o 5 PCi of 226Ra 
wh,ch v o . l d reduce t n . s ^ e T ^ a ^ L n - e ^ e n ' ^ ^ ^ 

H e a l t h e f f e c t s w o u l d ho i 
i m p a c t . ThT-s—~u—d. o c c u r as , W e ^ d ' r e s u ^ m g l n a n L T B 

p o t e n t i a l f r o m t h e r adon f l u x a ^ f ° f 3 e d u c e d e x p o s u r e 
exposure p o t e n t i a l f r o m e x t e r n a l g ^ m m a ^ a ^ t i o n ! ^ ^ b e " n ° 

E c o l o g y W O U l d e x n o r- -i „ 

v e g e t a t i o - ^ n t h e dec i m p a C t S ° n l * u n t H t h e 
c l e a r e d p o r t i o n o f t h e 5 S W S r e r e e s t a b l i s h e d The 
P l a n t e d w i t h g r a s s . M s o t T / n o r ' s e T ^ ° f t h e S l t e ™ " ^ 
l a n d w o u l d e x p e r i e n c e n a t u r a l r e s t o r a t i o n ! " p u r ^ * e s ' - i s 

s i n c e " any p r e c i n c t ^ f o l t Y w o u l d e x p e r i e n c e a m i n o r TTR < 
m a t e r i a l s ' . ^ ^ ^ n r u n o f f w o u l d n o t c o n t a ^ ^ m i n ^ 

c o u l d ^ a ^ ^ r e s u l t s i n c e t h e p r o p e r t i e s 
" n e e a l l p r o p e r t i e s w o u l d be"9 a v a ^ n ^ 1 ^ d m ° r e e c o n o m i c a l " 
r a d i o l o g i c a l r e s t r i c t i o n s T ? k f ° r f u l 1 u s * w i t h no 
P r o p e r t i e s c o u l d be used a s * tv. C O f ™ e r c i a l and r e s i d e n t i a l 
have reduced r e a d i o a c t i v e p o s ' ? " ^ ! ^ ^ 3 r e ' b u t t h e y would 
be a v a i l a b l e f o r d e v e l o p m e n t ^ ^ u n d e v e l o F e d l a n d ^ wSuld 

A t t h e p r e s e n t tim«» 
deve lopment has been p roposed T r 0 t h f 0 m m i n e r C i a l 3 n d r e s i d e n t i a l 
P l a n t . DOE has r e q u e s t e d t h a t t L 5" f * * S ° U t h ° f t h e Sampl ing 
- e p a r t on c o n t a m i n a t e d s o ^ w X ! b e ^ d e v ^ d ^ a s ^ ? 3 ^ S ° t h " 
6-2 I n d i r e c t E f f e r t c 

n i l b ? ™ " " ^ ' ' ' ^ ^ " S . d a r n T o 2 " S t " e d 

n e t be r e c o v e r e d , r e s u l t i n g ^ f i & l ? ™ c o u i d 
t-auts. S i m i l a r l y , the 
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p r o p e r L . r e s i d e n t i a l , and c o m m e r c i a l 

6-3 E l fee L t; Sampl ing p 1 a 111 

S a B p U n V ' p i V n V " A s ^ l o n T a " M " t h e U " ° f t l , e l a n d a t t h e 

t h e p l T r a t 1 1 , 1 b e a S m a l 1 e n t i t y o f 222Rn b e i n g e m i t t e d f r o m 
be n F l 0 ; ' " " / e m a i n , . T h i s r a d o n e m i s s i o n has 

7 .0 ALTERNATIVE OPTIONS TO THE REMEDIAL ACTION 

a n , , , ™ e f o l l o w i n g s i x o p t i o n s have been d i s c u s s e d p r e v i o u s l y ( 4 ) 
anJ have been c o n s i d e r e d as a l t e r n a t i v e s t o t h e r e m e d i a t i o n : 

(a) No A c t i o n 

M i n i m a l A c t i o n - r e s t r i c t i n g p u b l i c a c c e s s t o t h , 
c o n t a m i n a t e d p r o p e r t y S t o t h e 

S t a b i l i z a t i o n o r En tombment - i n s i t u c o v e r i n g o r 
t o t a l e n c a p s u l a t i o n o f c o n t a m i n a t e d s o i l s 

a r e a s ^ a r t ^ 3 1 ? " 3 1 1 ^ " c l e a n u P o f c o n t a m i n a t e d a r e a s , p a r t i c u l a r l y w i t h i n b u i l d i n g s . 

D e c o n t a m i n a t i o n and r e s t o r a t i o n o f t h e p r o p e r t i e s i n 

P l a n t ! * " U t U r e W i t h P e r m a n S n t S t 0 r a ^ e " t h e Sampl ing 

( f ) D i r e c t d i s p o s a l t o a r e m o t e , p e r m a n e n t d i s p o s a l 

( b ) 

( c ) 

(d ) 

( e ) 

l e v e l s ^ T f e ^ ^ b r e ^ l f ' T l ^ C O n t a m i n a t i o n a t t h e p r e s e n t 

- i J | - P o p u l a t V o n ^ ^ t h i n t l ^ 

S t h ^ f ^ e t n e r r f £ 

- e l s ^ n t l - t - ^ 
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as a t p r e s e n t . An i n c r e a s e d p o p u l a t i o n would incr.-.ise t i n s 
p r o b a b i l i t y . l b 

Minimal a c t i o n i s normally applied t o vacant lands which 
are stable. In Middlesex the contaminated p r o p e r t i e s would have 
to be purchased and fenced. Since the area i s suburban, fencing 
o l f homes and commercial establishments may not V.H des i r a b l e " 
P a r t o f the area would have t o be s t a b i l i z e d t o a v o i d any 
f u t u r e e r o s i o n by wind or water. Such s t a b i l i z a t i o n would 
oe s i g n i f i c a n t i n some areas south o f t h e Sampling P l a n t 
e s p e c i a l l y t h r o u g h the d r a i n a g e area where the water runs 
co n s t a n t l y . Perpetual mon i t o r i n g o f the area would be required 
to assure t h a t no contamination leached i n t o the ground water 
The homes and b u i l d i n g s i n the area would become a t t r a c t i v e 
nuisances and could r e a d i l y develop i n t o an eyesore. The large 
fence around the area w i t h i n a suburban environment would 
emphasize the eyesore. Perpetual maintenance o f the grounds and 
b u i l d i n g s would be req u i r e d t o reduce the d i s t r a c t i o n o f the 
area. ouch maintenance -could become e x t e n s i v e i f a l l o f 
the lanes and b u i l d i n g s are t o be m a i n t a i n e d ' i n a c o n d i t i o n 
comparable t o the immediate neighborhood. The nearby r e s i d e n t s 
would not d e s i r e an eyesore which s i g n i f i c a n t l y reduces the 
value o f t h e i r l o t s . 

S t a b i l i z a t i o n would also r e q u i r e ,purchasinq the property. 
The e n t i r e area would have to be cleared o f a l l b u i l d i n g s and 
growth. S u f f i c i e n t cover m a t e r i a l would have t o be b u i l t 
up over t h e area t o permanently s t a b i l i z e i t . The p r e s e n t 
g u i d e l i n e t o r t h i s cover m a t e r i a l i s 10 f t . An earthen cover 
1U i t high i n a suburban area would probably not be d e s i r a b l e 
to the surrounding r e s i d e n t s . The v i s u a l p o l l u t i o n o f such a 
mound may r e a d i l y reduce the r e a l e s t a t e v a l u e s . The cover 
would need t o be seeded t o reduce the undesirable e f f e c t s . This 
area s t i l l would r e q u i r e perpetual maintenance t o maintain the 
growth as an enhancement and not as an emphasis o f the eyesore 
Perpetual m o n i t o r i n g also would be req u i r e d t o assure t h a t no-
contamination leaked i n t o the ground water. 

P a r t i a l decontamination i s o f t e n performed i n b u i l d i n g s 
or i n areas w i t h spots o f h i g h r a d i o a c t i v e c o n t a m i n a t i o n . 
The h o t s p o t s are removed t o reduce t h e immediate I P V H S 
o f exposure u n t i l t o t a l d e c o n t a m i n a t i o n can be ach i e v e d , 
ihe p r o p e r t i e s around the Middlesex Sampling P l a n t have no 
s i g n i f i c a n t h o t spots which demand immediate decontamination. 
The p r o j e c t e d h e a l t h e f f e c t s from a short delay o f the e n t i r e 
cleanup p r o j e c t would be very low. I f th e r e i s reason t o delay 
the decontamination and r e s t o r a t i o n , the e n t i r e remedial a c t i o n 
should be delayed. 

Permanent Disposal at the Sampling Plant. i t i s possible 
to leave the contaminated m a t e r i a l a t the Sampling Plant. This 
would r e q u i r e more permanent p r e p a r a t i o n o f the storage area. 
The contaminated m a t e r i a l would r e q u i r e a 1 0 - f t l a y e r o f cover 
m a t e r i a l t o abide by p r e s e n t l y proposed g u i d e l i n e s and r e s t r i c t 
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any r a d o n e m a n a t i o n T>, , <- , , 
a p p r o x i m a t e l y 1 , ^ i q n ™ w J . £ ^ r e s u l t i n a s t o r a g e p i l e 

" l l o W t " 1 i n M i d d l e s e x . A m l t l V h i g h e r t h a n p r e s e n t l y 
v i s u a l p o l l u t i o n and may d e t e r d e v ^ W o u 1 ' 1 « « « « s i g n i f i c a n t 
s u r r o u n d i n g a r e a , even t h r o u g h i ? I f r o n ' i m P r < ™ i » q the 
r e s t o r e d . R e a i e s t ^ t o , 9 h a d b e e n ^ c o n t a m i n a teS 
P e r p e t u a l m o n A o n n o " n j m a ^ e n a n ^ ^ a d v « s e l y a f i t t e d 
p e r m a n e n t p r e s e n c e ' o f ^ p A e ™ \ b e r e ^ i r ^ - The 
r e s t r i c t any o t h e r use o f ^ s J i p u V ' " 9 P l t t n t ^ 

r e m o t e d i s p o s a l s i t e ! " h o w * ^ t 0 a ~ P ™ n \ 
d i s p o s a l s i t e s a v a i l a b l e a T t h S h o w e v e r , no c o m m e r c i a l 
government d i s p o s a l s i t e i s L 5 P " 8 e n t t l m e - A p o s s i b l e 

O S t o f t h e d e c o n t a m i n a t i o n . 

P e r m a n e n t ^ i ^ s a l ^ s i t e ^ o J e r ^ t o t ^ d T ^ ^ 1 0 " U R t l 1 a n ^ h e r 
There a r e p r e s e n t l y no p l a n s f o r such b e e n P r e p a r e d . 
1 Process has no t been s t a r t e d r . d l s p o s a l s i t e , and the 
s i g n i f i c a n t d e l a y b e f o r e t -vf / W ° U l d t h e r e f o r e r e q u i r e a 
advantages l o s t by n o t c o r ^ l ^ n a ^ 1 C ° U l d b e " m o v e d ? T h e 

l i s t e d i n S e c t i o n 3 . 0 . C ° m p l e t l n 9 " e a r - t e r m d e c o n t a m i n a t i o n a r e 

remote s i t e i s t h e r e d S c e ' d ^ s / h ™ " " 9 6 ° f d l r e « ^ s p o s a l t o 

o f P i l i n g ^ S ^ ^ ^ S T ^ J 1 ^ ~ ^ e x p . " . " 
i t w i t h r u b b e r i z e d m a t e r i a l " n o m i n a t e d m a t e r i a l and c o v e r i n g 
£ ° " " -""eh l e s s t h ™ " e o s t , a v o i d e d . A l t h o u o h 
Tes t S i t e , t h e r e w i l l b e some t ™ t r a n s P ° " a t i o n t o the" KevadJ 
t h e remote d i s p o s a l s i t e i s l o c a t e d " S P ° r t a t l o n i n v o l v e d w h e r e v e r 

CaUsedCibrthedlprPe°sSe„ce " T i V ' l L ^ 
w o u l d be a v o i d e d . I t w o u l d f l t t ' ° ° U D n n 9 a n d ma in t enance 
9 e n d e „ n g f e a r among t h e ? o c a i c T t i l e n s P O " l i l U l t " s « " " • " ! 

t l o n o T t r " r o 7 e r \ ? e s S T t h S t t e e d

m D i r d — t a m i n a t i o n and r e s t o r a -

X S ? ' L \ T t o u l T h 1 v e V - r l h 1 : e T 

— d — more 

< C ' P ^ ^ ^ e ^ ^ d ^ t n r f ^ a P l a n t h " a l " a d * » « » i n s t a l l e d . n d a d " i n a g e sys tem has been 
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( d ) 

( f ) The o t h e r p r o p e r t i e s , 
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(g) The sentiment i n e sentiment o f the i o « i 
opposed t o s t o r i n g f . ^ ^ 5 be s t r o n o l y 
l o c a t i o n . y n e c o n t a m i n a t i o n a t any o t h e r 

v- WL\ j . NAT I ON 

m a t i o n V u T b e " , " " l s ed " < = ° n t a m i n a t i o n 

™r:-£d-i=
eon- - - ~ v - r - - n t » 

would be t h e c' " 1 3 expected t h a t a l l envi ™ h ° S e b e i n ^ 
the s u b l e t o f M t h ° S e ^ P a c t s f o r the n r o r o n m e n t a l impacts 

p r i o r to " n t a m i n a t i o r t . 
a d d i t i o n a l a r e a o f

P " " U n 9 t h e « n a l copy o f t h i . 
a v o i d the e x p e e L e ° f o f r a \ n e ° J d r ? f n t " m l n a , t i 0 n d ?o" 

ent w i l l bp , r z ° P r o p e r t i e s . Thp r-,r,i, c *<-ept one, 

^ h S & P ^ ' ™ -"^an1 thH -
n e o l i c i ^ ^ p a r ^ n . 1 " " - " . ̂ U c ^ 13 
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LEGEND 
R RESIDENCE 
C COMMERCIAL 
V VACANT LOT 

NOTE 
NUMBERS 
DESIGNATE 
LOTS UNLESS 
OTHERWISE 
INDICATEO 

FIGURE 2 LOCATIONS OF CONTAMINATED PROPERTIES 
ADJACENT TO AND NEARBY THE SAMPLING 
PLANT SITE 

FROM R E F E R E N C E 4 



— OHAINAGt DITCM 

FIGURE 3 EXTENT OF RADIUM CONTAMINATION IN THE SOIL 



CO 
I—1 

I 

1.(1 I / I I 

a — t - I . „.i 

\ 

FIGURE 4 LOCATION OF TEMPORARY STORAGE AREA 
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SOIL SAMPLE ANALYSIS 

Sample 

DESTAIMCE IN METERS 

FIGURE 6 SURFACE EXPOSURE RATES AND SOIL SAMPLES 
AT 312 MOUNTAIN AVENUE SAMPLES 

(No. are „R/hr at the surface; ® denotes soil sample locations) 

70 80 

Location Depth HalpCi 

A 0 5" 5 40 
5 10 ' 4 42 

10 16" 2 47 
1622 1 97 
22 28" 1 56 

B 0 5 " 3 95 
C 0 5 " 3 94 
D 0 5" 4 90 
E 0 4 " 6 70 

4 8" 4 10 
8 12 2 12 

12 16 1 68 
F 0 5 " 4 48 
G 0 5 5 40 



TABLE 1 

SUMMARY OF MEASUREMENTS OF RADIOACTIVITY(1) 

Paramet er 

Radium ( 2 2 6 R a ) 
i n S o i l 

Radon Daughters 
(WL) 

E x t e r n a l Gamma 
R a d i a t i o n 
(UR/hr) 

Trans feral-.l».. 
S11 r T. n:e 
C o n t a m i n a t i o n 
MiM/100 cm2) 

Measurement on N a t u r a l 
P r o p e r t i e s Background 

0.5-2401 

0.002-0.040 

8-235 

No data 

1. 7 

0. 009 

10. 

Rer.ied 1,1 | 
A c t i o n 
G u i d e l i n e s 
(above 
Natura 1 
B^ckgj-oundj_ 

5(2) 

0. 02 

20 

-0- 20 

! f r o r n Re fe r ences 2 , 1 1 , and 12 . 
* - ' A l t h o u g h o t h e r g u i d e l i n e s a r e ^ n t i o n e d i n t h . , 

e r e n c e s . a d e c o n t a m i n a t i o n c r i t e r " i o n o f % r T J o t f ~ 
pe r gram o f b o i l has been e s t a b l i ^ H h 1 ° f R a 

S t a t e o f New J e r s e v a n ] c I d b y a 9 r e e i n e r i t w i t h i l , , . 
i^ew j e r s e y and the Borough o f M i d d l e s e x . ( 8 ) 



TABLE 2 

HEALTH EFFECTS DUE TO RADIOACTIVITY 

P o p u l a t i o n E f f e c t s 

Average Radon 
and Radon 
Oaughter 

Concen t ra t ions Dose t o Lungs 

D i r e c t I n h a l a t i o n 

E x t e r n a l Gamma: 

Residences 

Commercial 

T o t a l 

(a) 
(b) 

Measured values above n a t u r a l background. 
Es t ima ted , f r o m Reference 3. 

Maximum 
Gamma 
Rates 

p C i / l ( a ) WL WLM/yr<a> mrem/yr UR/hr 

0 . 5 0 .004 0 . 2 5 . 0 x 1 0 2 

30 

0 . 5 0 .004 0 . 2 5 . 0 x 1 0 2 35 

I n d i 
v i d u a l 
Dose 

Heal th 
E f f e c t s 

mrem/yr per y r 

Number 
o f 

People 
(24 h r / 

day 
e q u i v 
a l e n t ) 

3 . 6 x 1 0 ~ 5 32 

44 

60 

104 

Lung 
Dose 

Health 
E f f e c t s 

mrem/yr per yr 

6.1 1.1x10 - 3 

4 .4x10~ 6 2 4 ( b ) 1.0 

6.0x10~ 6 8 ( b ) . 0. 5 

4 .6x10~ 5 64 7 .6 

1 . 1 x 1 0 ~ 4 

4 . 8 x 1 0 ~ 5 

1 . 3 x 1 u ~ 3 



TABLE 3 

HEALTH BENEFITS TO PUBLIC FROM DECONTAMINATION(1) 

Health E f f e c t s Avoided 
Over 50-Yr Period 

6 x 10-2 

8 x 10-3 

2 x 10-5 

7 x 10-2 

Exposure Path 

From D i r e c t Radon I n h a l a t i o n 

From D i r e c t Gamma Exposure 

From I n g e s t i o n Pathway 

To t a l 

(l)From Reference 3. 
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TABLE 4 

SUMMARY OF ENVIRONMENTAL IMPACTS RESULTING FROM THE PROPOSED REMEDIAL A C T I O N * U 

P h y s i c a l Impacts 

1. M i n e r a l Resources and S o i l s 
2. Radiation 
3. Ground and Surface Waters 
4. Erosion 
5. A i r Q u a l i t y 

B i o l o g i c a l Impacts 

Excavation 

STA 
* 

STA 
STA 

B a c k f i l l 

1 . 
2. 

F l o r a 
Fauna 

Socioeconomic Impacts 

1• Land Use 

(A) S o l i d Waste 
2. Costs 
3. Noise 
4. Health 
5. Safety 

6. T r a n s p o r t a t i o n 
7. Employment 
8. Land Values 
9. Aesthetics 

STA 
STA 

STA 
STA 
STA 
STA 
STA 
STA 
STA 
STB 
* 

STA 

STA 
* 

STA 
STA 
* 

STA 
STA 
STB 
* 

STA 

Restoration 

LTB 
LTB 
LTB 
LTB 

LTB 
LTB 

LTB 
* 

STA 
STA 
LTB 
STA 
STA 
LTB 
LTB 
LTB 

Transport of Contaminated 
M a t e r i a l s t o Sampling Plant 

f o r Permanent Storage 

* 
* 

STA 

STA 
* 

STA 
STA 
STA 
STA 
STA 
STB 
LTB 
STA 

( 1 ) From Reference 3. 
LEGEND: 

LTB - Long-term b e n e f i c i a l impact 
STA - Short-term adverse impact 

LTA - Long-term adverse impact STB 
* - Not a f f e c t e d or does not apply 

Short-term b e n e f i c i a l impact 



TABLE 5 

SOUKD LEVELS FROM CONSTRUCTS ECUIP M E K T, 1 ) 

Source 

Trucks, cranes, 
b u l l d o z e r s , etc W i * i d i P c o l ^ <=<-<-., w i t h 
™ i 1 _ t y p e e t e r n a l 
combustion engines 

A i r - compressors and 
other s t a t i o n a r y 
sources, t y p i c a l l y 
a i e s e l powered 

P i l e d r i v e r 

Front-end loaders 

305m 

70-95 64-89 5e-8 3(2) 
50-75 40-69 

76-86 

105 

73-e6 

70-eo 

99 

67-80 

65-74 

93 

61-74 

50-66 

85 

53-66 

50-60 

79 

47-60 

low.'™ R e ^ r e n c e 13 • 
u ' o o u n d l e v Pic 

combination o r 8 0 d E < A ) are u s u a n 
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PLANTINGS INVENTORY 



APPENDIX A* 1) 

PLANTINGS INVENTORY 

TREES 

Sal i x blanda 
H i l d White Willow 

Sa l i x d i s c o l o r 
Pussy Willow 

Populus n i g r a (var i t a l i c a ) 
Lombardy Poplar 

Juglans n i g r a 
Elack Walnut 

Eetula alba 
White B i r c h 

Betula p o p u l i f o l i a 
Gray Bi r c h 

Ouercus p a l u s t r i s 
Pin Oak 

Morus alba 
White Mulberry 

Malus coronaria 
C h a r l o t t e Crab Apple 

Malus pumila (var niedzwetzkyana) 
F r u i t i n g Apple Red T i p Crab Apple 

Malus f l o r i b u n d a 
Japanese Crab Apple 

Prunus glandulosa 
Dwarf Flowering Cherry 

Prunus sp (Prunus rnahaleb) 
Sweet Cherry 

Robinia pseudoacacia 
Black Locust 

Acer saccharinum 
S i l v e r Maple 

Acer platanoides 
Norway Maple 

A-1 



QUANTITY 
TREES 

19 

33 

52 

Acer rubrum 
Red Maple 

Sambucus canadensis 
Canadian Elder 

Taniarix g a l l i c a 
French Tamarisk 

Hex opaca 
American H o l l y 

Juglans sp 
Persian Walnut 

Ficus c a r i c a (var) 
Common Fig Tree 

Taxus h a t f i e l d i 
H a t f i e l d ' s Yew 

Taxus h i c k s i 
Hick's Yew 

Taxus cuspidata (Hene'ry) 
Henery Japanese Yew 

J u n i p e r i s v i r g i n i a n a 
Eastern Red Cedar 

J u n i p e r i s P f i t z e r i a n a 
Chinese Juniper 

Pica pungens 
Blue Spruce 

J u n i p e r i s chinensis 
Chinese Juniper 

Chamaecyparis plumosa aurea 
ornamental Cedar 

Cryptomeras lobbi 
Ornamental Redwood 

Rininus communis 
Castor O i l Plant 
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QUANTITY 
TREES 

False Cypress Plum 

6 Mimosaceae (mimosa) 

1 Populus tremula 
American Aspen 

2 F r u i t i n g Plum 
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QUANTITY 
SHRUBS 

27 

10 

10 

Ligustrum o v a l i f o l i u m 
C a l i f o r n i a P r i v e t 

Spiraea v a n h o u t t e i 
B r i d a l Wreath 

Berberis t h u n b e r g i 
Japanese Barberry 

Buxus sempervirens 
Dwarf Boxwood (common type) 

Rhododendron n u d i f l o r u m 
Pink Azalea 

Spiraea thunbergi 
Thungberg's Wreath 

Rosa Rugosa 
Japanese Rosebush 

Cornus f l o r i d a 
Flowering Dogwood 

Syringa v u l g a r i s 
Common L i l a c 

Philadelphus v i r g i n a l i s 
V i r g i n a l Mock-Orange Bush 

Fo r s y t h i a intermedia 
Spring Glory 

Kalmia l a t i f o l i a 
Mountain Laurel ( C a l i c o Bush) 

Rosa f l o r i b u n d a ( M u l t i f l o r a ) 
(Climbing) M u l t i f l o w e r e d Rosebush 

Cactaceae sp 
Cactus 

Buxus m i c r o p h y l l a koreana 
Korean Box 

Hibiscus syriacus 
Rose o f Sharon ( A l t e a Shrub) 
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QUANTITY SHRUBS 

K e m a japonica 
Japanese Keria Garden 

Phi l a d e l p h i a f l o r i b u n d a 
Sweet Mock Orange 

Rosa o f f i c i n a l i s ( v u l g a r i s ) 
Common Rosebush 

Hydrangea annebelle 
Annebelle's Water VesseKor Hydrangea) 

Hydrangea p a n i c u l a t a ( g r a n d i f l o r a ) 
Peegee Hydrangea 
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QUANTITY 

Hedera h e l i x 
English I v y ( i n tub) 
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QUANTITY HERBACEOUS CATEGORY (FLOWERING) 

4 C o v a l l a r i a m a j a l i s 
(European) L i l y - o f - t h e - V a l l e y 

11 Rosa odorata (HYB) 
(Hybrid) Tea Rose 

L i l i u m t i g r i n u m (HYB) 
(Hybrid) Tiger L i l y 

Cydonia Japonica 
Japanese Quinca 

Paesonia o f f i c i n a l i s 
Common Peony 

I r i s v e r s i c o l o r 
Blue Flag I r i s 

I r i s c r i s t a t a 
Crested I r i s 

Althea Rosa 
Hollyhock 

Sedum variegatum 
(Stonecrop or Orpine) Variegated Sedum 

Rhododendron obtusum (HYB) 
(or Azalea h i n o d e g i r i ) 
Kurume Azalea 

6 Chrysanthemum 
Golden Flower 

3 . Hemerocallis f u l v a 
Orange Day L i l y 

1 Hemerocallis f l a v a 
Yellow Day L i l y 

3 Rhododendron (HYB) 
(Hybrid) Rose Tree 

2 (Funkia) Hosta albo-marginata 
P l a n t a i n L i l y 

1 A q u i l e g i a sp 
Columbine 
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QUANTITY HERBACEOUS CATEGORY (FLOWERING) 

Allum schoenoprasum 
Chives 

Foeniculum vulgare 
Common Fennel 
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QUANTITY FERNS 

Yucca f i l a i n e n t o s a 
Y u c c a P l a n t ( S p a n i s h B a y o n e t 
Adam's N e e d l e ) 

Nephrolepis e x a l t a t a 
T a l l Sword Fern 

QUANTITY VINES 

Polygonum a u b e r t i i 
S i l v e r Lace Vine 

V i t i s Labrusca 
Fox Grapevine 
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APPENDIX B 

EXPOSURE RATES AT THE 
FENCELINE AROUND THE FORMER 
MIDDLESEX SAMPLING PLANT SITE 

1.0 INTRODUCTION 

The former Sampling Plant at Middlesex, New Jersey is the designated storage site for 
a temporary pile of radioactively contaminated soil and material. The Sampling Plant site itself 
(hereafter referred to as "site"), as well as the area immediately surrounding it, contains radio
active contamination in soil greater than that which occurs naturally. Due to the existing 
contamination, radon-222 gas emanates from the soil and results in possible radiation doses to 
the population in the immediate vicinity. The maximum possible radiation dose rate within 0 1 
mile of the site, attributable to the enhanced radioactivity resulting from man's activities has 
been estimated to be 67 mrem/yr. This drops to 2.5 mrem/yr between 0.1 and 0.5 mile from the 
s i t e . 1 " 

The consolidation of the off-site contamination at the site will result in a slightly 
increased concentration of radon-222 in the vicinity of the site. The purpose of this discussion 

. is to present the estimated increase in dose rate at the site fenceline due to the temporary storage 
of contaminated material on the site. 

2.0 PILE CONTENT 

The temporary storage pile will consist of material from three general sources: first 
contaminated material excavated from the site during preparation of the storage area- second' 
two contaminated properties away from the site-the Rectory of the Church of Our Lady of 
Mount Virgin and 432 William Street; and third, the contaminated properties adjacent to and 
nearby the site. A small pile will initially be built with material from the first two sources 
During the following year material from the third source will be added. 

3.0 FIRST YEAR PILE 

The quantities of contaminated materials from the second and third sources' 2 ' and the 
total radioactivity added to the site from these areas have been estimated. The amount of 
mater.al to be excavated from the site is unknown. It is also likely that some excess material will 
be excavated from the off-site properties. 

3.1 Rectory 

At the Rectory the average surface and subsurface concentrations of radium-226 are 
approximately 330 pCi/g and 90 pCi/g, respectively. These averages have been estimated using 
the concentrations determined at specific locations where samples were taken and analyzed The 
samples were taken at points showing high gamma radiation levels at the surface ( 3 ) and there
fore these numbers should give a conservatively high estimate. 

It was estimated that there are approximately 1800 y d 3 of contaminated soil<2> with 
an average radium-226 concentration of 210 pCi/g. This results in a radium-226 activity of 
about 4.6 x 10 M pCi, or about 0.5 Ci. 
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3.2 William Street 

At 432 William Street the average radium-226 concentration in the soil samples was 
about 500 pCi/g. l J> It was estimated that there are 500 y d 3 of contaminated soil ' 2 * with an 
average radium-226 concentration of 500 pCi/g. This results in a total radium-226 activity of 
about 3.1 x 1 0 1 1 pCi, or 0.3 Ci. 

The total radium-226 activity to be added to the site from these two properties was there
fore estimated to be about 0.8 Ci and the average concentration is expected to be about 290 
PCi/g. 

3.3 Radon Flux 

To obtain an upper limit estimate on the possible increase in exposure rates, the average 
contamination which was calculated for the material from the off-site properties is applied to 
the entire pile resulting from the first year's activities. 

The radium content and distribution in the pile determine the radon flux that emanates. 
The radon flux can be calculated using appropriate mathematics.' 4 ' Figure 1 ( 5 ) is a graph 
showing the approximate flux from a pile of mill tailings. It was conservatively assumed that the 
material in the pile is comparable to dry tailings which, as can be seen, produces the highest f lux. 
The pile created the first year with the material from the Rectory and 432 William Street was 
estimated to be about 44 yd (132 ft) long by 44 yd (132 ft) wide by 2.7 yd (8 f t) high. The 
estimated 2,300 y d J of contaminated soil on the two properties would result in a pile only about 
1.2 yd (3.6 f t) high. An estimated height of 2.7 yd therefore allows for 2,800 y d 3 of other 
material, either from the site or excess material from the two properties. It was estimated that 
the entire pile will have the same average radium-226 concentration of 290 pCi/g. 

From Figure 1, it is estimated that the radon flux would be about 300 pCi/m2-sec. This 
is the flux without any cover material over the pile. However, the pile will be covered with a 
rubberized material, called EPDM by the manufacturer, Carlisle Tire and Rubber Co. The radon 
flux will be reduced by at least 90 percent. ' 6 ' Therefore, the resulting radon-222 flux from the 
pile covered with EPDM is not expected to exceed 30 pCi/m2-sec. 

3.4 Dose Rate 

The Ford, Bacon & Davis Utah computer code INHDOSE considers source and meteor-
logical conditions to calculate the possible individual dose rates due to radon-222 inhalation. 
From a flux of 30 pCi/m2-sec from the first-year pile, the maximum possible dose to the 
bronchial epithelium of an individual standing at the east fenceline 24 hours a day, 365 days 
a year is calculated to be about 6.0 mrem/yr. The possible dose rates to similar individuals at 
the south and west fencelines are 4.5 and 1.4 mrem/yr, respectively. 

3.5 Comparisons to Other Sources of Radiation Doses 

The purpose for estimating exposure to radioactivity is that an extensive amount of radio
active exposure can result in cancer. The federal guidelines for whole body exposure to any 
individual from radiation from artificial sources is 500 mrem/yr. ' 7) The risk of cancer can be 
described in terms of "health effects." One health effect (HE) is one case of cancer. The health 
effects due to the federal guideline of 500 mrem/yr have been estimated at 5 x 1 0 ' 5 HE/yr per 
person. The maximum possible dose at the site fenceline of 6 mrem/yr per person corresponds to 
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DEPTH (ft) 

FIGURE 1. GRAPHIC REPRESENTATION OF RADON EMANATION 

FROM WET, MOIST, AND DRY TAILINGS AS A FUNCTION OF 
2 2 6 R a CONCENTRATION AND DEPTH OF TAILINGS. 

FROM REFERENCE 5 
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a risk of approximately 6 x 10"' HE/yr per person. This means that if the small first-year pile 
were left without increase and 24,000 people stood at the east fenceline continuously for an 
average lifetime of 70 years, there would probably 'be one case of lung cancer caused by the 
emanations from the pile. 

The maximum possible dose at the site fenceline can be compared to the approximate 
increase in whole body dose of 2 mrem which a person receives from a single transcontinental 
high-altitude f l i gh t . { ° ' The possible whole body dose to an individual from watching an average 
of 2 hours of television per day has been estimated to be 0.30 mrem/y r . ( 9 ) The whole body dose 
to an individual due to cosmic radiation in the Middlesex area is approximately 40 mrem/yr. ( 1 0 > 
The whole body dose to an individual due to external gamma radiation in the area is about 88 

mrem/yr. The naturally-occurring radon in dwellings in the area has been measured to average 
0.009 WL (Working Levels), ( J ' which is approximately equal to a risk of 6 x 10 ' 5 HE per 
person (assuming a person spends 75 percent of the time indoors). The maximum possible dose 
at the site fenceline due to the small pile is approximately 1 percent of the dose caused by 
naturally-occurring radon-222. 

4.0 COMPLETE PILE 

During the second year, the contaminated properties adjacent to and nearby the site 
will be cleaned up. This material will be added to the small pile from the previous year to form a 
pile about 100 yd (300 ft) wide by 133 yd (400 ft) long by 2.7 yd (8 f t) high. 

The average radium-226 concentration in all soil samples taken on the properties around 
the site is approximately 60 pCi/g. It was estimated that there are 23,000 y d 3 ( 2 > of soil with 
this average contamination. The total radium-226 activity in this soil would therefore be 
approximately 1.7 Ci. When this soil is added to the pile, the total radium-226 activity would be 
about 2.5 Ci, The average concentration would be about 80 pCi/g. The total contaminated 
volume of material from the off-site properties would be about 25,300 y d 3 . This would result in 
a pile about 1.9 yd (5.7 ft) high. A 2.7 yd. pile would allow for about 10,200 y d . 3 of other 
material, both from the site and excess material excavated along with the contamination. 

4.1 Radon Flux 

Using an average concentration of 80 pCi/g and a pile height of 2.7 yd, the radon-222 
flux was estimated to be about 8.4 pCi/m2-sec with the EPDM cover over the pile. 

4.2 Dose Rate 

Utilizing the INHDOSE computer code to perform the calculations, it was determined 
that the maximum possible dose rate to the bronchial epithelium of an individual standing 
continuously at the fenceline is about 7.3 mrem/yr at the east boundary, 5.9 mrem/yr at the 
south boundary and about 3.4 mrem/yr at the west boundary. 

The maximum possible dose rate of 7.3 mrem/yr per person caused by emanations from 
the complete pile is approximately 7 x 10 ' 7 He/yr per person. One person out of about 20,000 

*1 pd'/ l of radon-222 in equilibrium with its daughters results in 0.001 WL. The maximu 
allowed concentration for uranium miners is 0.3 WL. 
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standing at the east fenceline continuously for an average lifetime of 70 years would probably 
contract cancer because of radiation received from the pile. 

4.3 Comparisons to Other Sources of Radiation Doses 

The maximum possible dose rate of 7.3 mrem/yr per person is approximately 1.2 percent 
of the dose from naturally-occurring radon-222. The cancer risk is equivalent to approximately 
8 percent of the whole body dose received from naturally-occurring external gamma radiation 
and about 18 percent of the whole body dose due to cosmic radiation. 

5.0 SUMMARY AND CONCLUSION 

The maximum increase in possible dose rate to the bronchial epithelium of an individual 
at the fenceline due to radon-222 emanating from the entire pile is about 1.2 percent of the dose 
received from the naturally-occurring radon-222 in the area. The emanations from the pile 
result in a cancer risk comparable to that incurred by the typical individual in twenty four years 
of watching television or taking two roundtrip transcontinental high-altitude flights. 

The increase in cancer risk caused by the temporary storage pile of contaminated material 
is only a small percentage of the cancer risk due to naturally-occurring radioactivity. 
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APPENDIX C 

GENERIC CHECKLIST OF ENVIRONMENTAL IMPACTS(^) 

T h i s c h e c k l i s t i s t o ensure p o t e n t i a l a r ea s o f e n v i r o n 
m e n t a l i m p a c t have been c o n s i d e r e d i n t h e e v a l u a t i o n o f t h i s 
p r o j e c t . Any r e q u i r e d comments a r e p r e s e n t e d i n S e c t i o n s 4 
and 5 o f t h e t e x t . 

Land Form - W i l l t he p r o j e c t r e s u l t i n : 

o U n s t a b l e s l o p e s , e m b a n k m e n t s , o r 
e x c a v a t i o n s ? 

o S i g n i f i c a n t m o d i f i c a t i o n s o f g e o l o g i c a l 
s t r u c t u r e s ? 

E x p o s u r e o f p e o p l e t o o r p r o p e r t y 
a f f e c t e d by e a r t h q u a k e s , l a n d s l i d e s , 
m u d s l i d e s , o r g round f a i l u r e ? 

F o r e c l o s u r e on f u t u r e uses o f s i t e on a 
l o n g - t e r n b a s i s ? 

Yes No 

D i s r u p t i o n , displacement, compaction, or 
covering o f the s o i l ? STA 

Changes i n ground contours, s h o r e l i n e s , 
stream channels, r i v e r b a n k s , or t i d e -
lands? STA 

De s t r u c t i o n , covering, or m o d i f i c a t i o n 
o f unique geologic or p h y s i c a l features? 

I n c r e a s e d w i n d o r w a t e r e r o s i o n o f 
s o i l s , e i t h e r on or o f f the s i t e ? STA 

Changes i n d e p o s i t i o n or e r o s i o n o f 
beach sands or changes i n s i l t a t i o n , 
d e p o s i t i o n , or erosion t h a t may modify 
the channel o f a r i v e r or stream o r 
the bed o f the ocean or any bay, i n l e t , 
or lake? 

A i r - W i l l the p r o j e c t r e s u l t i n : 

o S u b s t a n t i a l a i r p o l l u t a n t emissions or 
d e t e r i o r a t i o n o f ambient a i r q u a l i t y ? STA,LTB* 

*Short-Term Adverse, Long-Term B e n e f i c i a l 
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Yes No 

Ob jec t ionab le odors? STA 

A l t e r a t i o n o f a i r movements, temperature 
or h u m i d i t y ( e . g . fogg ing or i c i n g ) ? 

Local o r r e g i o n a l c l i m a t e changes? 

Water - W i l l the p r o j e c t r e s u l t i n : 

• Changes i n cu r r en t s or water movements 
i n marine or f r e s h waters? 

V i o l a t i o n o f S t a t e S t r e a m Q u a l i t y 
Standards? 

Changes i n a b s o r p t i o n r a t e s , d r a i n a g e 
p a t t e r n s , or the r a t e and amount o f 
sur face water r u n o f f ? STA 

A l t e r a t i o n s t o t he course or f l o w o f 
f l o o d waters? 

Change i n the amount o f su r face water i n 
any water body? 

STA* 

_X_ 

X 

X 

D i s c h a r g e s i n t o s u r f a c e w a t e r s o r 
a l t e r a t i o n o f s u r f a c e w a t e r q u a l i t y , 
i n c l u d i n g b u t no t l i m i t e d t o t e m p e r a 
t u r e , d i s s o l v e d oxygen, or t u r b i d i t y ? 

A l t e r a t i o n o f the d i r e c t i o n or r a t e o f 
f l o w o f groundwaters? 

Change i n t h e q u a n t i t y o f g r o u n d 
wate r s , e i t h e r through d i r e c t a d d i t i o n s 
or w i t h d r a w a l s o r t h r o u g h i n t e r c e p 
t i o n s o f an a q u i f e r by d r i l l i n g o r 
excavat ions? 

A l t e r a t i o n s i n g r o u n d w a t e r q u a l i t y ? 

Contaminat ion o f p u b l i c water supp l ies? x 

The r e q u i r e m e n t to o b t a i n an NPDES 
(National Pol lutant Discharge El iminate 
System) Permit (Clean Water Act )? x * 

_X_ 

X 

*This impact w i l l need t o be discussed f u r t h e r w i t h the State o f 
New Jersey. 
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D i s c h a r g e t o a p u b l i c - s ewer s y s t e m ? 

L o c a t i o n i n a r i v e t i n g o r c o a s t a l 
f l o o d p l a i n ( e s p e c i a l l y h i g h h a z a r d 
a r e a s ) ? 

S u b s t a n t i a l r e d u c t i o n i n t h e amount o f 
w a t e r o t h e r w i s e a v a i l a b l e f o r p u b l i c 
w a t e r s u p p l i e s ? 

E x p o s u r e o f p e o p l e o r p r o p e r t y t o 
w a t e r - r e l a t e d haza rds such as f l o o d i n g 
o r t i d a l w a v e s a n d s u b j e c t t o DOE 
f l o o d p l a i n / w e t l a n d s r e g u l a t i o n s (10 CFR 
1022)? 

L o c a t i o n i n a s t a t e ' s c o a s t a l zone and 
s u b j e c t t o c o n s i s t e n c y w i t h t h e s t a t e 
CZM p l a n ? 

S o l i d Was te - w i l l t h e p r o j e c t g e n e r a t e 
s i g n i f i c a n t s o l i d was te o r l i t t e r ? 

Yes No 

X 

LTA 

Noise - W i l l the p r o j e c t : 

• Increase e x i s t i n g noise and v i b r a t i o n ? STA 

• Expose people t o excessive noise? 

L i g h t and G l a r e - W i l l t h e p r o j e c t c r e a t e 
problems i n v o l v i n g l i g h t and glare? 

Plant L i f e - W i l l the p r o j e c t : 

• Change t h e d i v e r s i t y or p r o d u c t i v i t y 
o f s p e c i e s or number o f any sp e c i e s 
o f p l a n t s ( i n c l u d i n g t r e e s , s hrubs, 
g r a s s , c r o p s , m i c r o f l o r a , and a q u a t i c 
P l a n t s ) ? 

• Reduce the numbers or a f f e c t the h a b i t a t 
o f any u n i q u e , r a r e , o r e n d a n g e r e d 
sp e c i e s o f p l a n t s ? (Check S t a t e and 
Federal l i s t s o f endangered species.) 

Introduce new species o f p l a n t s i n t o an 
area or create a b a r r i e r t o the normal 
replenishment o f e x i s t i n g species? 

C-3 



Yes No 

Reduce acreage or c rea te damage t o any' 
a g r i c u l t u r a l crop? 

Animal L i f e - W i l l the p r o j e c t : 

• Change t h e d i v e r s i t y o f s p e c i e s o r 
a f f e c t b r e e d i n g o r numbers o f any 
spec ie s o f an imals ( i n c l u d i n g b i r d s , 
mammals, r e p t i l e s , a m p h i b i a n s , f i s h 
and s h e l l f i s h , b e n t h i c o r g a n i s m s , 
i n s e c t s , or microfauna)? STA 

• Reduce the h a b i t a t o r numbers o f any 
unique, r a r e , or engangered species o f 
animals? (Check State and Federal l i s t s 
o f endangered spec ies . ) 

• I n t r o d u c e new, spec ies o f a n i m a l s i n t o 
an a r e a o r c r e a t e a b a r r i e r t o t h e 
m i g r a t i o n or movement o f a n i m a l s o r 
f i s h ? 

• Harm e x i s t i n g f i s h o r ' w i l d l i f e h a b i t a t ? 

• Cause a t t r a c t i o n , e n t r a p m e n t , i m 
p i n g e m e n t , o r e n t r a i n m e n t o f a n i m a l 
l i f e ? 

• Cause e m i g r a t i o n r e s u l t i n g i n human-
w i l d l i f e i n t e r a c t i o n problems? 

L a n d j J s e - w i l l t he p r o j e c t s u b s t a n t i a l l y 
a l t e r the present or planned land use o f an 
area? 

Natural Resources - W i l l the pro jec t : 

• Increase the rate of use of any natura l 
resources? 

• S u b s t a n t i a l l y dep le te any nonreusable 
natural resources? 

• Be l o c a t e d i n an area d e s i g n a t e d o r 
b e i n g c o n s i d e r e d f o r w i l d e r n e s s , w i l d 
and s c e n i c r i v e r , n a t i o n a l p a r k , o r 
e c o l o g i c a l preserve? 

STA 
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Energy - W i l l the projec t : 

• Use s u b s t a n t i a l amounts o f f u e l or 
energy? 

• Subs tant ia l ly increase the demand upon 
e x i s t i n g sources of energy or r e q u i r e 
the deve lopment o f new s o u r c e s o f 
energy? 

Accident Risk - Does the project involve r i s k 
o f e x p l o s i o n or r e l e a s e o f p o t e n t i a l l y 
hazardous substances ( i n c l u d i n g , but not 
l i m i t e d to o i l , p e s t i c i d e s , c h e m i c a l s , 
rad ia t ion , or other toxic substances) i n the 
event of an accident or upset condit ions? 

Populat ion - W i l l the p r o j e c t a l t e r the 
locat ion, d i s t r i b u t i o n , density , or growth 
rate of the human population in an area? 

Housing - W i l l the p r o j e c t a f f e c t hous ing 
patterns or create a demand for add i t iona l 
housing? 

Transportation and T r a f f i c C i r c u l a t i o n - W i l l 
the project r e s u l t i n : 

• Genera t ion of s u b s t a n t i a l a d d i t i o n a l 
veh icu lar movements? 

. • E f f e c t s on ex i s t ing parking f a c i l i t i e s 
or demands for new- parking? 

• S u b s t a n t i a l i m p a c t upon e x i s t i n g 
transportat ion systems? 

• A l t e r a t i o n s to p r e s e n t p a t t e r n s o f 
c i r c u l a t i o n or movement of people and/or 
goods? 

• A l t era t ions to waterborne, r a i l s or a i r 
t r a f f i c ? 

• I n c r e a s e i n t r a f f i c hazards to motor 
v e h i c l e s , b i c y c l i s t s , or pedestr ians? 

C o n s t r u c t i o n of new roads or t r a i l s ? ' 



Yes No 

P u b l i c S e r v i c e - W i l l t h e p r o j e c t have an 
e f f e c t upon, or r e s u l t i n a need, o r new or 
a l t e r e d governmental se rv ices i n any o f the 
f o l l o w i n g areas : 

• F i r e p r o t e c t i o n 

• P o l i c e p r o t e c t i o n ? x 

• Schools? 

• Parks or other r e c r e a t i o n a l f a c i l i t i e s ? 

• Other governmental services? 

• Expose p e o p l e t o p o t e n t i a l h e a l t h 
hazard? 

Economic - W i l l the project have any adverse 
e f f e c t on l o c a l , r e g i o n a l , or n a t i o n a l 
economic conditions? 

• W i l l the p r o j e c t cause boom-town type o f 
development? 

• W i l l the p r o j e c t have any adverse e f f e c t 
on tourism? 

STA,LTB 

X 

X 

U t i l i t i e s - W i l l the p r o j e c t r e s u l t i n a need 
fo r new systems or s u b s t a n t i a l a l t e r a t i o n s 
to the f o l l o w i n g u t i l i t i e s : 

• Power or n a t u r a l gas? 

• Communications systems? X 

• Water? 

• Sewer or s e p t i c tanks? 

• Storm water drainage? 

• S o l i d waste and disposal? x 

Human Health - W i l l the p r o j e c t : 

• Create any h e a l t h hazard o r p o t e n t i a l 
h e a l t h hazard? v 
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• W i l l the p r o j e c t have any adverse e f f e c t 
on land values? 

• W i l l the p r o j e c t have any adverse e f f e c t 
on employment? 

Community Reaction - I s the p r o j e c t : 

• P o t e n t i a l l y c o n t r o v e r s i a l ? 

• I n c o n f l i c t w i t h l o c a l l y a d o p t e d 
environmental plans and goals? 

Aesthetics - W i l l the p r o j e c t : 

• Change any scenic v i s t a or view open t o 
the p u b l i c ? 

• Create an a e s t h e t i c a l l y o f f e n s i v e s i t e 
open t o the p u b l i c view (out o f place i n 
an a e s t h e t i c sense w i t h c h a r a c t e r or 
design o f surrounding area)? 

• S i g n i f i c a n t l y change the v i s u a l scale or 
character o f the v i c i n i t y ? 

R e c r e a t i o n a l , E d u c a t i o n a l , R e l i g i o u s , and 
S c i e n t i f i c - W i l l t h e p r o j e c t a f f e c t t h e 
q u a l i t y or q u a n t i t y o f e x i s t i n g r e c r e a t i o n a l , 
e d u c a t i o n a l , r e l i g i o u s , o r s c i e n t i f i c 
o p p o r t u n i t i e s ? 

A r c h a e o l o g i c a l , C u l t u r a l , and H i s t o r i c a l 
W i l l the p r o j e c t a l t e r s i g n i f i c a n t archae
o l o g i c a l , a n t h r o p o l o g i c a l , p a l e o n t o l o g i c a l , 
c u l t u r a l , or h i s t o r i c a l s i t e s , s t r u c t u r e s , 
o b j e c t s , or b u i l d i n g s (e.g., be subject t o 
the H i s t o r i c Preservation Act o f 1974)? 
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